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performance  of  the  ash  conveyor.  Recommendations  are  made  on  additional  maintenance 
procedures,  and  on  equipment  design  criteria  to  improve  plant  operation  and  for  future 
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The  heat  recovery  iiKinerator  (HRI)  at  Naval  Stttion  Mayport,  Fla  was  studied  to  deter¬ 
mine  the  expected  long-term  performance  of  the  HRI.  The  data,  which  were  collected  from 
October  1980  to  August  1983,  were  analyzed  for  reliability,  availability,  maintainability,  waste 
incineration  rate,  thermal  efficiency,  and  steam  cost.  Actual  results  for  incinerating  waste  to 
produce  steam  were;  reliability  38%  (73%  of  design);  availability  82%  (91%  of  goal);  maintain¬ 
ability  0.10  man-hr/ton  (100%  of  goal);  thermal  efficiency  48%  (87%  of  goal);  incineration  rate 
1.73  tona/hr  (103%  of  goal);  and  cost  of  steam  $d.03/MBtu.  The  HRI  was  expected  to  ssve 
$2d,d00/yr  from  landfill  reductions  and  tl02,320/yr  from  energy  savings 

The  principal  reasoiu  for  the  shortfalls  in  performance  were  shortages  of  solid  waste, 
and  failures  in  the  crane,  frcd  rams,  ash  conveyor,  front-end  loader,  feedwater  equipment, 
and  induced  draft  (I  J).)  fan.  Cotreetiaru  have  been  made  in  HRI  operation  to  improve  perfor¬ 
mance  of  the  ash  conveyor.  Recommendations  arc  made  on  additional  maintenance  proe^ies, 
and  on  equipment  design  criteria  to  imprave  plant  operation  and  for  future  plant  desipi. 
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INTRODUCTION 

The  Naval  Facilities  Engineering  Conaand  (NAVFAC)  tasked  the  Naval 
Civil  Engineering  Laboratory  (NCEL)  to  evaluate  heat  recovery  incinerator 
(HRI)  technology  for  application  at  Naval  shore  activities.  As  part  of 
this  project,  NCEL  studied  the  long-tens  performance  of  the  mass  burning 
HRI  at  Naval  Station  (NS)  Hayport,  Fla.  The  reliability,  availability, 
and  maintainability  (RAM)  study  was  conducted  to  determine  any  changes 
necessary  to  improve  the  existing  HRI  and  to  provide  guidance  for  future 
HRIs  of  this  type. 


BACKGROUND 

Heat  recovery  incineration  is  a  developing  technique  for  converting 
the  combustible  portion  of  solid  waste  into  usable  energy  through  the 
production  of  steam.  The  economic  benefits  achievable  from  using  HRI 
technology  are  dependent  on  the  savings  obtained  from  reducing  fossil 
fuel  use  and  from  reducing  the  quantity  of  solid  waste  that  must  be 
disposed . 

The  Navy  has  591  installations  worldwide  (Ref  1)  which  generate  an 
estimated  1.7  million  tons  of  solid  waste  per  year,  of  which  approximately 
85%  is  combustible  (Ref  2).  If  this  waste  were  incinerated  to  recover 
energy,  8,300,000  HBtu,  or  1.4  million  barrels  of  oil  equivalent  (BOE), 
would  be  available  to  offset  fossil  fuel  utilization. 

The  Navy  paid  $9.27/MBtu  of  steam  in  1982  (Ref  3).  Collection  and 
disposal  costs  for  solid  waste  averaged  $34/ton  in  1982  ($18/ton  to 
collect,  $l6/ton  to  dispose),  and  the  costs  may  double  within  the  next 
10  years  because  of  limited  landfill  space  and  legislative  restrictions 
(Ref  4). 

RAH  analyses  are  used  to  mathematically  predict  or  verify  the 
performance  of  an  equipment  system.  The  application  of  RAH  study  tech¬ 
niques  to  the  NS  Hayport  HRI  was  one  of  the  first  uses  of  RAH  parameters 
to  evaluate  HRI  technology.  RAH  studies  are  based  on  data  for  operating 
time  and  maintenance  actions  (failures  and  other  actions).  Operating 
tiow  is  the  total  time  the  HRI,  subsystem,  or  mission  is  functional. 
Maintenance  actions  are  equal  to  the  total  number  of  failures  and  other 
actions.  Failures  are  defined  as  any  event  that  causes  the  HRI,  subsys¬ 
tem,  or  a  mission  to  be  shutdown  and  requires  a  part  repair  or  replacement. 
Other  actions  are  those  events  that  cause  a  shutdown,  but  occur  due  to 
the  need  to  adjust,  calibrate,  or  unjam  a  piece  of  equipment.  The  three 
RAH  parameters  studied  are  reliability,  availability,  and  maintainability. 
These  parameters  are  expressed  mathematically  as  Equations  A-7  through 
A- 16  in  Appendix  A. 

Reliability  is  expressed  as  the  probability  that  an  equipment 
system  can  complete  a  specified  operational  cycle  without  a  failure 
occurring.  Reliability  is  useful  as  an  indicator  of  inadequate  or 
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degrading  performance.  In  general,  following  installation  and  a  shakedown 
phase,  reliability  should  reach  a  steady  state  value  and  then  decay  due 
to  equipaient  aging.  This  decay  is  used  to  predict  equipment  replacement 
time  or  to  indicate  when  repairs  or  adjustments  are  needed.  Changes  in 
design  are  indicated  if  steady  state  values  never  reach  acceptable 
values . 

Availability  is  expressed  as  the  probability  that  at  any  point  in 
time  the  system  will  be  capable  of  performing  its  stated  mission. 
Availability  is  a  measure  of  the  length  of  time  that  a  system  will  be 
able  to  perform  a  given  task  under  its  mission.  A  low  availability 
value  means  that  adjustments  or  repairs  are  needed  or  that  design  changes 
are  required.  Availability  decays  in  a  similar  fashion  to  reliability. 

Maintainability  is  expressed  as  the  total  number  of  maintenance 
man-hours  required  for  every  hour  of  operating  time.  Maintainability  is 
an  indication  of  the  level  of  effort  required  to  keep  the  system  opera¬ 
tional.  A  large  value  for  maintainability  means  that  maintenance  is  too 
complex,  equipment  is  too  old,  or  maintenance  access  to  equipiaent  is 
inadequate.  In  general,  aiaintenance  increases  as  equipment  ages  because 
more  failures  occur  and  more  adjustments  are  necessary  to  maintain 
performance  levels. 


HRI  AT  MAYPORT 

The  HRI  at  NS  Mayport  was  installed  at  a  cost  of  $2.3  million. 
Installation  was  coaq>leted  in  March  1979,  operation  began  in  December  1979, 
and  testing  began  in  September  1980.  The  facility,  which  is  depicted  in 
Figures  1  and  2,  and  consists  of  receiving,  incineration,  boiler,  and 
ash  subsystems. 

Description  of  Subsystem 

The  HRI  was  designed  to  operate  in  the  following  manner: 

Receiving  Subsystem.  The  collected  waste  is  deposited  on  the 
tipping  floor,  where  it  is  manually  sorted  to  reiaove  large  metals;  bulky 
dangerous  items;  and  other  materials  that  would  interfere  with  HRI 
operation.  After  sorting,  a  front-end  loader  pushes  the  waste  into  a 
storage  pit.  The  pit  was  designed  to  store  approximately  1  day  of  solid 
waste  deliveries  to  reduce  the  effects  of  quantity  variation  and  HRI 
downtime.  A  1-1/2-ton-capacity  overhead  crane  reoioves  the  waste  from 
the  storage  pit  and  places  it  into  the  incinerator  feed  hopper. 

Incineration  Subsystem.  The  incineration  subsystem  was  designed  by 
Washburn  and  Granger  to  burn  waste  at  a  maximum  rate  of  2  tons/hr  (TPH). 

The  waste  from  the  feed  hopper  is  pushed  onto  the  hearth  of  the  primary 
combustion  chamber  by  a  hydraulic  ram  where  it  is  combusted  at  1,400  to 
1,600"F,  releasing  gases  and  turning  the  waste  into  an  inert  ash.  The 
gases  enter  the  secondary  combustion  chamber  where  the  remaining  combus¬ 
tible  matter  is  incinerated  at  1,600"F. 


Boiler  Subsystea.  The  hot  gases  enter  the  boiler  subsystem  and 
pass  through  a  single-pass  fire  tube  boiler  that  recovers  the  energy  as 
steam.  Finally,  the  cooled  gases  are  discharged  to  the  atmosphere  after 
passing  through  a  multicyclone  separator  to  remove  particulates. 

Ash  Subsystem.  The  inert  ash  is  siechanically  removed  from  the 
priisary  combustion  chamber  by  stoker  grates  to  the  ash  subsystem.  The 
grates  move  the  waste  through  the  chamber  in  order  to  mix  the  waste  and 
allow  a  more  thorough  carbon  burnout  as  the  waste  turns  to  ash.  The  ash 
drops  to  a  water  quench  tank  to  be  cooled  and  is  then  removed  by  a  drag 
chain  to  a  container.  The  ash  container  is  periodically  dumped  at  the 
local  landfill. 

Operational  Objectives 

The  HRI  was  designed  to  accomplish  two  objectives.  The  primary 
objective  of  the  HRI  was  to  extend  the  life  of  the  local  landfill  by 
reducing  the  volume  and  weight  of  the  solid  waste  through  incineration. 

The  secondary  objective  of  the  HRI  was  to  produce  low  pressure  steam  for 
the  activity  without  burning  fossil  fuels.  This  would  be  accomplished 
by  recovering  energy  from  the  combustion  products  of  the  incinerated 
solid  waste.  These  objectives  represent  the  two  benefit-producing 
functions  of  the  HRI:  landfill  savings  and  fossil  fuel  offsets. 

The  HRI  is  in  one  of  three  modes  or  missions  when  it  is  operational 
(Figure  3).  These  missions  represent  the  various  combinations  of  accom¬ 
plishing  the  two  design  objectives.  A  numerical  subscript  on  the  results 
signifies  which  mission  is  represented  (i.e.,  R.  is  the  reliability  for 
Mission  1). 

Mission  1.  The  first  mission  is  to  incinerate  solid  waste  to 
produce  steam.  Each  of  the  four  subsystems  is  operational  to  perform 
this  mission.  This  mission  is  the  preferred  operating  mode  for  the  HRI 
as  both  benefit  functions  -  landfill  savings,  and  fossil  fuel  offsets  - 
are  being  accomplished. 

The  HRI  was  expected  to  operate  under  Mission  1  with  a  mean  time 
between  failures  (MTBF)  of  4A6  hours;  in  other  words,  14  failures  per 
year  were  anticipated  (Ref  5).  Mission  1  RAM  performance  of  the  HRI  was 
predicted  to  be:  reliability  of  77%,  availability  of  90%,  and  maintain¬ 
ability  of  0.1  man-hr/ton  of  waste  incinerated  (or  0.2  man-hr/operating-hr) . 
These  expectations  and  goals  were  documented  after  HRI  construction,  and 
were  based  on  technological  assessment  of  installed  equipment  and  compo¬ 
nents  (Ref  5  and  6) . 

Mission  2.  The  second  mission  is  to  only  incinerate  solid  waste. 

This  mission  requires  that  all  the  subsystems  be  operational  except  for 
the  boiler  subsystem.  Mission  2  serves  as  the  backup  mission  to  the 
prisMiy  objective  of  the  HRI  in  the  event  the  boiler  cannot  operate;  the 
benefit  is  the  landfill  savings. 

The  expected  HRI  performance  under  Mission  2  was  better  than  Mission  1 
parameters  because  fewer  subsystems  would  be  operational.  The  predicted 
MTBF  was  693  hours  or  nine  failures  per  year  (Appendix  B).  This  corre¬ 
sponds  to  a  reliability  of  84%.  The  Mission  2  value  for  availability 
was  predicted  to  be  90%.  Mission  2  SMinta inability  was  not  determined 
because  maintenance  data  were  only  collected  for  Mission  1  performance. 


Mission  3.  The  third  mission  is  to  produce  steam  through  the  use 
of  fuel  oil  or  waste  oil.  For  this  mission  only  the  incinerator  (not 
including  stoker  grates  and  tuyeres)  and  the  boiler  subsystems  must  be 
operational.  Mission  3  is  the  backup  mission  to  the  secondary  objective 
of  the  HRI  in  the  event  no  solid  waste  is  available.  The  benefit  of 
this  mission  is  the  production  of  steam  when  no  solid  waste  is  available, 
or  the  HRI  cannot  incinerate  waste.  Fossil  fuel  offsets  occur  if  waste 
oil  is  used  to  produce  steam. 

The  expected  HRI  performance  under  Mission  3  was  better  than  Mission  1 
or  2  parameters  because  fewer  subsystems  would  be  operational.  The 
predicted  MTBF  was  891  hours,  or  seven  failures  per  year  (Appendix  6). 

The  expected  reliability  was  calculated  as  88%.  The  corresponding  value 
for  availability  was  predicted  to  be  90%.  Mission  3  maintainability  was 
not  determined  because  maintenance  data  were  not  available. 

Operational  Parameters 

Nine  additional  parameters  are  considered  important  in  judging  HRI 
performance.  These  parameters  are  waste  generation  rate,  incineration 
rate,  ash  production,  landfill  reduction  and  cost  savings,  steam  produc¬ 
tion,  annual  steam  cost,  fossil  fuel  offsets/thermal  efficiency,  incin¬ 
eration  time,  and  maintenance  man-hours.  These  parameters  were  used  to 
define  the  predicted  performance  and  logistics  required  to  utilize  the 
HRI  and  to  determine  changes  in  the  areas  of  planning,  design,  and 
maintenance  that  would  Improve  future  HRI  performance. 

Activity  Waste  Generation  Rate.  The  activity  waste  generation  rate 
is  expressed  as  an  average  solid  waste  quantity  produced  by  the  activity 
in  tons  per  day  (TPD).  This  parameter  was  used  in  the  design  and  economic 
feasibility  assessment  of  the  HRI.  The  activity  was  predicted  to  generate 
40  TPD  (Ref  7). 

Incineration  Rate.  The  incineration  rate  is  expressed  as  tons  of 
solid  waste  incinerated  per  hour  (TPH) .  This  parameter  is  a  design 
value  based  on  the  quantity  of  waste  generated  by  the  activity.  For 
this  HRI,  the  design  value  was  a  maximum  2  TPH  (Ref  7)  with  an  average 
1.67  TPH  based  on  40-TPD  design. 

Ash  Production.  Ash  production  is  measured  as  tons  of  ash  (wet  and 
fly)  produced  per  hour  of  incineration.  This  parameter  is  a  performance 
value  based  on  the  ash  content  of  the  incinerator-fed  solid  waste  and 
the  effectiveness  of  the  incineration  process.  The  predicted  value  was 
0.6  ton  of  ash  per  hour  of  incineration  (0.3  ton/ ton  of  waste)  (Ref  6) 
based  on  a  2-TPH  incineration  rate. 


Landfill  Reduction  and  Cost  Savings.  Landfill  reduction  is  a 
measure  of  HRI  effectiveness  in  completing  the  primary  task  of  the  HRI. 
The  parameter  is  expressed  as  a  percentage  decrease  in  the  quantity  of 
waste  landfilled.  Landfill  reduction  is  used  to  determine  the  annual 
cost  savings  from  incinerating  the  waste.  The  expected  value  was  70%  of 
the  waste  accepted  by  the  facility  would  be  destroyed  (Ref  6)  with  a 
maximum  disposal  cost  savings  of  $51,000/yr  (200  ton/wk  at  $7/ton). 


Steam  Production.  Steam  production  is  measured  as  pounds  of  steam 
produced  per  hour  of  incinerator  operation.  This  parameter  is  a  perfor¬ 
mance  value  related  to  the  thermal  efficiency  of  the  HRl ,  the  quantity 
of  waste  and  oil  incinerated,  and  the  potential  fossil  fuel  offsets. 

The  expected  value  was  10,000  Ib/hr  based  on  6,000  pounds  of  steam  per 
ton  of  waste  (Ref  6)  and  a  1.67-TPH  incineration  rate. 

Average  Steam  Cost.  Average  steam  cost  is  expressed  as  the  cost  in 
dollars  of  producing  1  MBtu  of  steam.  Any  operation,  maintenance,  or 
consumable  costs  involved  in  steam  production  are  included  in  this 
parameter.  This  parameter  is  a  performance  value  and  is  related  to  the 
labor  and  consumable  usage  of  the  HRI.  The  HRl  steam  cost  was  $8.70/MBt 
in  1983  at  NAS  Jacksonville  (Ref  8),  which  had  similar  boiler  costs  to 
NS  Mayport.  The  $8.70/MBtu  value  compares  favorably  to  the  average  Navy 
cost  of  purchased  steam,  which  was  $9.27/MBtu  in  1982  (Ref  3). 

Fossil  Fuel  Offsets/Thermal  Efficiency.  Fossil  fuel  offsets  are  a 
.easure  of  the  effectiveness  of  completing  the  secondary  task  of  the 
HRl.  The  offsets  are  expressed  as  the  total  BOE  saved  by  producing 
steam  from  the  solid  waste.  This  parameter  is  a  performance  value  based 
on  the  thermal  efficiency  and  the  quantity  of  waste  and  oil  incinerated. 
The  expected  fossil  fuel  offset  value  was  predicted  to  be  240  BOE/week 
based  on  incinerating  200  ton/wk. 

Thermal  efficiency  is  expressed  as  a  percentage  that  represents  the 
effectiveness  of  the  energy  conversion  process.  The  parameter  is  based 
on  the  effectiveness  of  the  incinerator  and  boiler  operations.  The 
design  value  for  thermal  efficiency  was  55%  (Ref  6). 

Incineration  Time.  Incineration  time  is  measured  as  the  average 
time  the  HRI  is  burning  solid  waste.  This  parameter  is  related  to 
availability  and  represents  the  incineration  time  that  can  be  sustained 
by  the  HRI.  The  parameter  is  expressed  as  hours  of  operating  time  per 
week  for  incinerating  solid  waste  or  burning  fuel  oil.  The  design  value 
was  120  hr/wk  for  a  5-day  week  (Ref  6). 

Maintenance  Man-hours.  Maintenance  man-hours  are  a  function  of  the 
level  of  effort  required  to  keep  the  HRl  operational.  The  parameters 
are  logistics  values  which  are  expressed  as  the  number  of  preventive 
maintenance  man-hours  per  week  of  operation,  and  corrective  maintenance 
as  mean  time  to  repair  (MTTR)  in  hours  per  failure.  The  parameters  are 
related  to  the  operating  cost  and  performance  of  the  HRI .  The  expected 
values  were  15  man-hr/wk  scheduled  for  two  personnel  over  the  weekend 
shutdown,  and  10  hours  per  failure. 

Subsystem  Operational  Parameters 

Each  subsystem  was  designed  to  accomplish  a  different  objective. 

The  receiving  subsystem  was  designed  with  a  storage  pit  sized  for  1  day 
of  waste  deliveries  (40  tons)  and  a  2-TPH  removal  rate.  The  incinerator 
subsystem  was  designed  to  burn  a  maximum  of  2  TPH  of  waste  and  produce 
0.6  TPH  of  ash.  The  boiler  subsystem  was  designed  to  produce  a  maximum 
of  10,500  pounds  of  steam/hour  at  an  energy  content  of  1,185  Btu/lb. 


The  ash  removal  subsystem  was  designed  to  remove  0.6  TPH  of  ash  from  the 
quenchtank.  Waste  incineration  would  stop  if  the  ash  subsystem  were 
down,  to  prevent  ash  buildup  in  the  quenchtank. 


TECHNICAL  APPROACH 
Data  Collection 

The  data  required  to  determine  the  various  HRI  parameters  were 
reported  on  the  seven  datasheets  (Ref  9)  shown  in  Appendix  C.  The 
datasheets  were  prepared  weekly  by  plant  personnel  and  sent  to  NCEL  for 
analysis.  The  data  were  collected  from  a  series  of  meters,  scales,  and 
HRI  records.  Totalizing  meters  were  used  to  record  solid  waste  inciner¬ 
ated,  induced  draft  (I.D.)  fan  run  tiate,  and  electrical  power,  steam 
flow,  waste  oil,  fuel  oil,  make-up  water,  and  blowdown  consumed.  Scales 
were  used  to  weigh  loaded  fly  ash,  wet  ash,  and  reject  containers.  HRI 
records/datasheets  were  used  to  determine  manpower  and  man-hours  in 
operation  and  maintenance,  and  the  type  and  cost  of  spare  parts  and 
consumables . 

Datasheet  1  was  filled  out  whenever  the  HRI  was  started  or  restarted 
(normally  early  on  Monday).  The  type  of  data  collected  was  the  date  and 
time  of  start-up  and  the  initial  meter  readings  for  solid  waste,  I.D.  fan 
run  time,  electrical  power,  steam  flow,  waste  oil,  fuel  oil,  make-up 
water,  and  blowdown.  The  first  datasheet  was  used  to  establish  the 
initial  meter  readings  for  the  stated  consumables  and  the  weekly  operation 
time. 

Datasheet  2  was  filled  out  once  per  week  and  was  used  to  record  the 
quantity  of  fly  ash,  rejects,  and  wet  ash  which  were  produced  during  the 
week.  The  second  datasheet  was  used  to  determine  the  ash  production  and 
landfill  reduction  parameters  for  the  HRI. 

Datasheet  3  was  filled  out  whenever  the  waste  feed  ram  was  shut  off 
and  completed  whenever  the  ram  was  turned  back  on.  The  type  of  data 
collected  was  the  date  and  time  when  the  ram  was  turned  on  and  off  and 
the  reason  why  the  ram  was  turned  off.  The  third  datasheet  was  used  to 
modify  the  operational  parameters  connected  with  the  time  categories 
during  times  when  no  waste  was  available  or  a  nonboiler  failure  occurred. 
The  specific  time  category  the  shutdown  period  was  assigned  to  depended 
on  the  reason  for  the  shutdown. 

Datasheet  4  was  filled  out  whenever  the  HRI  was  shutdown  due  to 
normal  weekend  shutdown  on  late  Friday,  holidays,  or  due  to  failures  or 
maintenance  actions.  The  type  of  data  collected  was  the  final  meter 
readings  for  the  consumable  data  on  Datasheet  1 ,  plus  the  reason  for  the 
shutdown,  and  the  man-hours  and  the  water  treatment  chemicals  used 
between  the  period  from  Datasheet  1  to  4.  The  fourth  datasheet  was  used 
to  establish  the  final  meter  readings  for  the  stated  consumables,  the 
weekly  operational  tisw,  and  the  man-hours  used  to  operate  the  HRI. 

Datasheet  5  was  normally  filled  out  once  per  week  when  the  scheduled 
routine  maintenance  was  completed  on  the  weekend.  The  type  of  data 
collected  was  the  date  and  time  when  the  maintenance  was  started  and 
finished,  the  man-hours  spent  on  maintenance,  and  the  type  of  mainte¬ 
nance  performed.  The  fifth  datasheet  was  used  to  establish  the  routine 
maintenance  parameters  and  regular  procedures. 


Datasheet  6  was  filled  out  whenever  a  shutdown  caused  by  a  malfunc¬ 
tion  and/or  a  need  to  replace  a  component  occurred.  The  type  of  data 
collected  was  the  date  and  time  when  the  repair  started  and  was  completed, 
the  man-hours  spent  in  repair,  the  type  and  cause  of  the  breakdown,  and 
the  type  and  cost  of  spare  parts  and  consumables  used.  The  sixth  datasheet 
was  used  to  establish  the  corrective  maintenance  parameters  and  spare 
parts  logistics. 

Datasheet  7  was  filled  out  for  any  shutdown  which  was  not  caused  by 
a  failure  or  part  replacement.  The  data  collected  were  the  reasons  for 
the  shutdown.  The  seventh  datasheet  was  used  to  establish  the  time 
category  for  the  weekend  idle  time.  This  information  was  used  in  deter¬ 
mining  availability. 

Raw  Data  Analysis 

The  raw  data  were  divided  into  six  6-month  sections  to  facilitate 
analysis  and  to  determine  parameter  trends.  These  data  are  listed  in 
Table  1,  with  the  analysis  results  in  Table  2.  The  results  from  the 
first  four  6-month  sections  were  published  in  References  10  and  11.  The 
results  of  the  last  two  sections,  from  July  1982  to  August  1983,  are 
included  in  Appendix  A  as  a  detailed  example  of  the  analysis  procedure. 

The  first  step  of  the  analysis  procedure  was  to  take  the  raw  data 
from  the  datasheets  and  convert  them  into  a  useful  form  for  parameter 
determination.  The  principal  conversion  categories  were  consumables, 
manpower,  failures,  other  actions,  and  time. 

The  consumable  raw  data  were  determined  from  Datasheets  1  and  4. 

The  final  readings  on  Datasheet  4  were  subtracted  from  the  initial 
readings  on  Datasheet  1  to  obtain  the  quantity  of  consumable  used. 

Manpower,  failures,  and  other  action  data  were  taken  directly  from 
the  datasheets.  Manpower  was  found  on  Datasheet  4  for  operation  and  on 
Datasheets  3,  5,  and  6  for  maintenance.  Failure  information  was  found 
on  Datasheets  5  and  6.  Datasheets  3  and  5  contained  the  information  on 
maintenance  actions  (fixing  jams  or  making  adjustments).  Datasheet  6 
contained  information  on  repairs,  part  replacement,  and  cost. 

The  five  time  categories  were  the  most  difficult  to  determine  and 
were  based  on  the  time  period  between  consecutive  Datasheets  1.  The 
basic  operating  time  (t  )  was  found  by  taking  the  time  differential 
between  Datasheets  1  an3  4.  Routine  and  corrective  maintenance  times 
were  found  by  taking  the  time  differential  between  maintenance  start  and 
finish  for  Datasheets  5  and  6,  respectively.  The  remaining  time  in  the 
period  between  each  Datasheet  1  was  placed  into  the  idle  time  categories. 
Idle,  but  operational  time  was  used  when  the  HRI  could  have  been 

operated  but  was  idle  due  to  a  nonfailure  shutdown,  such  as  the  weekend 
shutdown.  Idle,  but  not  operational  time  (t  )  was  used  when  the  HRI 
could  not  be  operated  due  to  a  failure  or  need  for  part  replacement. 

The  sum  of  the  five  time  categories  equaled  the  actual  calendar  time 
that  occurred  during  the  time  period. 

The  equations  for  determining  RAM  parameters  are  listed  as  Equations  A-1 
to  A-16  in  Appendix  A.  The  principal  data  required  to  determine  RAM 
parameters  were  time,  failure,  and  maintenance  data.  These  data  were 
found  on  Datasheets  1  and  3  through  7 . 
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RAM  parameters  were  determined  for  each  of  the  three  missions. 

These  missions  had  different  operating  time  categories,  failures,  and 
maintenance  requirements.  By  analyzing  the  datasheets  for  these  differ¬ 
ences,  the  individual  RAN  parameters  could  be  calculated.  This  type  of 
analysis  is  detailed  in  Appendix  A. 

Mission  Analysis 

Mission  1.  Operating  time  data  were  determined  by  examining  the 
recorded  start  and  stop  times  on  Datasheets  1  and  4  minus  any  time  the 
waste  ram  was  turned  off  (Datasheet  3)  or  no  steam  was  being  produced 
(Datasheet  6  —  boiler  failures).  Routine  and  corrective  maintenance 
times  were  calculated  from  Datasheets  3,  5,  and  6.  Idle,  not  operational 
time  was  any  time  segment  the  HRl  could  not  accomplish  Mission  1.  Idle, 
but  operational  time  was  the  remainder  of  the  time  period. 

All  the  failures  or  other  actions  that  occurred  were  used  in  RAM 
calculations  (Datasheets  3,  5,  and  6).  This  means  that  the  Mission  1 
RAM  parameters  had  the  lowest  values  of  the  three  missions. 

Mission  2.  The  time,  failure,  and  maintenance  data  for  Mission  2 
RAM  parameter  calculations  were  the  same  as  Mission  1  except  for  the 
following  changes.  Operating  time  (t  )  was  increased  because  any  failure 
involving  the  boiler  subsystem  did  not  affect  Mission  2.  The  increase 
was  equal  to  the  corrective  maintenance  (t  )  and  the  idle,  but  not 
operational  time  (t^)  caused  by  the  boiler^failures .  To  maintain  a 
one-to-one  correspondence  with  real  time,  the  t  and  t  times  were 
decreased  by  the  respective  quantities  of  time  added  tS  t  . 

The  number  of  failures  and  other  actions  were  also  dicreased  by 
subtracting  those  items  that  occurred  in  the  boiler  subsystem.  The  same 
situation  applied  for  any  maintenance  performed  on  the  boiler  subsystem. 
This  effort  was  removed  from  Mission  2  calculations.  The  overall  result 
of  these  changes  was  that  the  RAM  parameters  had  better  values  than 
Mission  1. 

Mission  3.  The  time,  failure,  and  maintenance  data  for  Mission  3 
RAM  parameters  were  the  same  as  Mission  1  except  for  the  following 
changes.  Operating  time  was  increased  by  adding  any  tioie  steam  was 
produced  when  no  solid  waste  was  available  (t. ,  Datasheet  3)  and  any 
time  spent  repairing  receiving  and  ash  subsystems,  and  stoker  or  tuyere 
failures  in  the  incineration  subsystem  (t  and  t  ,  Datasheets  5  and  6). 

As  in  Mission  2  analysis,  time  categories  t  ,  t^,  and  t^  were  decreased 
by  the  respective  quantities  added  to  t  . 

Any  failures,  other  actions,  or  maintenance  effort  that  occurred  on 
the  receiving  and  ash  subsystems  or  due  to  stoker  or  tuyere  failures  in 
the  incinerator  subsystem  were  removed  from  the  respective  data  categories. 
The  overall  result  of  these  changes  was  that  Mission  3  had  the  best  RAM 
performance  of  the  missions. 


Operational  Parameters  Analyses 

Activity  waste  generation  rate  was  measured  by  taking  the  total 
solid  waste  incinerated  from  Datasheet  4  plus  the  total  quantity  of 
rejected  waste  from  Datasheet  2  divided  by  the  number  of  weeks  both  sets 
of  data  were  reported. 


Incineration  rate  was  measured  by  dividing  the  total  solid  waste 
incinerated  (Datasheet  4)  by  the  incineration  tiaie  in  hours  (Datasheets  1, 
3,  and  4),  which  is  listed  as  Equation  A-42  in  Appendix  A. 

Ash  production  was  measured  by  dividing  the  weight  of  ash  produced 
(Datasheet  2)  by  the  incineration  time  in  hours  (Datasheets  1,  3,  and  4) 
or  the  tons  incinerated  (Datasheet  4) . 

Landfill  reduction  was  calculated  from  Equation  A-45  in  Appendix  A. 
The  quantity  of  waste  sent  to  the  landfill  was  divided  by  the  waste 
quantity  received  by  the  facility.  The  landfill  waste  was  the  total  of 
wet  ash,  fly  ash,  and  rejects  listed  in  Datasheet  2.  The  quantity  of 
received  waste  was  on  Datasheet  4.  The  cost  reduction  was  equal  to  the 
quantity  of  waste  received  times  the  landfill  reduction  times  $7/ton 
disposal  fees. 

Steam  production  was  calculated  using  Equation  A-43  in  Appendix  A. 
The  steam  produced  from  solid  waste  only  was  divided  by  the  pounds  of 
waste  incinerated. 

Average  steam  cost  was  calculated  using  Equations  A-29  to  A-41  in 
Appendix  A.  Equations  A-29  to  A-31  calculated  the  manpower  used  to 
produce  steam.  Equations  A-32  to  A-40  calculated  the  cost  of  spare 
parts  and  consumables.  The  total  cost  of  steam  was  determined  by 
Equation  A-41.  Datasheets  1,  4,  5,  and  6  were  used  to  provide  data  on 
consumables,  manpower,  steam  production,  and  repairs. 

Fossil  fuel  offsets  were  determined  by  Equation  A-28  in  Appendix  A. 
The  offsets  were  calculated  by  subtracting  the  quantity  of  fossil  fuels 
(fuel  oil,  electricity,  and  front-end  loader  diesel  fuel)  consumed  by 
the  HRI  from  the  quantity  of  fossil  fuels  saved  by  the  HRI.  The  fossil 
fuels  saved  were  equivalent  to  the  steam  energy  from  solid  waste  divided 
by  boiler  efficiency,  and  the  result  was  converted  to  barrels  of  oil 
equivalent.  The  final  result  was  the  total  barrels  of  oil  equivalent 
saved  by  the  HRI . 

Thermal  efficiency  was  determined  by  using  Equations  A- 17  to  A-23 
in  Appendix  A.  Information  on  energy-producing  parameters  was  obtained 
from  Datasheets  1  and  4.  The  thermal  efficiency  was  calculated  by 
dividing  the  steam  energy  by  the  supplied  energy  from  solid  waste  and 
fuel  oils. 

Incineration  time  was  measured  by  taking  the  total  operating  time 
for  solid  waste  incineration  plus  waste  oil  only  combustion  and  dividing 
by  the  total  number  of  weeks  the  HRI  was  studied. 

Maintenance  man-hours  were  calculated  as  the  total  number  of  man¬ 
hours  spent  in  preventive  maintenance  divided  by  the  number  of  hours  the 
HRI  was  operated.  Corrective  maintenance,  MTTR,  was  determined  by  the 
length  of  time  needed  to  repair  the  failures  divided  by  the  number  of 
failures . 


Subsystem  Analysis 


Each  of  the  subsystems  was  analyzed  for  consistent  failures,  design 
problems,  or  good  design  features.  The  failures  were  determined  from 
Datasheets  3  and  6  and  were  expressed  as  the  number  of  failures  for  each 
piece  of  equipment.  Design  problems  and  good  design  features  were 
determined  from  equipment  analysis  and  interviews  with  plant  personnel. 


RESULTS 


This  section  presents  the  results  of  the  data  analysis  conducted  at 
NS  Mayport.  The  results  are  separated  into  three  major  subsections: 
mission  analysis,  operational  parameter  analysis,  and  subsystem  analysis. 
The  projected  results  were  determined  by  applying  curve-fitting  techniques 
to  the  actual  results  calculated  for  each  of  the  six  6-month  sections  in 
Table  2.  Table  3  is  a  comparison  of  the  projected  results  versus  the 
predicted  or  design  results. 

Mission  Analysis 

The  results  of  the  mission  analysis  are  presented  in  this  section. 
Specific  recommendations  on  improving  mission  performance  will  be  given 
in  the  Subsystem  Analysis  Results  section. 

Mission  1.  The  Mission  1  RAM  parameters  are  plotted  on  Figures  4 
to  6.  It  can  be  seen  from  each  of  the  figures  that  the  RAM  parameters 
on  the  average  improved  over  the  six  analysis  periods.  This  improvement 
occurred  because  design  problems  in  the  HRI  were  being  corrected  (drain 
piping  replacement,  relief  stack  modification);  plant  personnel  were 
gaining  experience  on  how  to  operate  the  HRI;  and  a  more  consistent 
routine  maintenance  program  was  being  conducted. 

The  projected  steady-state  value  for  reliability  was  58%  based  on 
least  square  curve  fitting  of  Figure  4.  This  value  was  25%  lower  than 
the  predicted  value  of  77%  (Ref  5).  This  reduction  is  due  to  operational 
problems  with  the  crane,  front-end  loader,  ram  cylinders,  and  I.D.  fan. 

The  projected  value  for  availability  was  82%  based  on  trend  analysis 
of  Figure  5.  This  value  is  9%  lower  than  the  predicted  value.  Better 
performance  would  be  realized  if  a  more  reliable  crane  and  solid  rubber 
or  foam-filled  front-end  loader  tires  were  used. 

The  projected  value  for  maintainability  was  0.1  man-hr/ton  of  waste 
or  0.15  man-hour  of  maintenance/operating  hour.  This  value  was  obtained 
from  the  Figure  6  analysis  and  is  equal  to  the  predicted  value.  Table  4 
lists  the  number  of  failures  and  maintenance  actions  that  occurred 
during  the  study  period.  Eighty  failures  and  31  other  actions  for  a 
total  of  111  maintenance  actions  occurred.  The  principal  problem  areas 
were  the  crane,  ash  conveyor,  hydraulic  feed  ram  cylinders,  and  the 
front-end  loader. 

Mission  2.  The  Mission  2  reliability  is  plotted  in  Figure  7.  The 
availability  for  Mission  2  is  the  same  as  Mission  1  availability  on 
Figure  5.  The  availabilities  are  the  same  because  the  HRI  did  not 
incinerate  solid  waste  without  producing  steam  (Mission  1  time  categories 
equal  Mission  2  time  categories).  Reliability  is  different  because 
boiler  failures  and  other  actions  were  not  included  in  the  calculations. 

In  general,  each  of  the  parameters  improved  over  the  six  analysis  periods 
for  the  same  design  and  operation  changes  and  maintenance  procedures 
that  affected  Mission  1  performance. 

Reliability  was  projected  to  be  61%  based  on  least  squares  curve 
fitting  on  Figure  7.  This  value  is  27%  lower  than  the  predicted  value. 
Availability  was  projected  as  82%  (9%  short  of  goal)  from  Figure  5.  The 
recommendations  for  improving  Mission  2  performance  are  the  same  as  for 
Mission  1  because  Mission  1  and  2  had  the  same  operating  characteristics. 
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Sixty-four  failures  and  22  other  actions  occurred  over  the  six 
analysis  periods  (Table  4).  This  is  23  maintenance  actions  less  than 
Mission  1  because  boiler  failures  and  other  actions  were  removed  from 
the  calculations.  The  principal  problem  areas  were  the  crane,  front-end 
loader,  and  ram  cylinders. 

Mission  3.  The  Mission  3  reliability  and  availability  are  plotted 
on  Figures  8  and  9,  respectively.  It  can  be  seen  from  the  figures  that, 
on  the  average,  the  parameters  improved.  The  improvement  occurred 
because  drain  piping  problems  were  corrected  and  improved  operation  and 
maintenance  techniques  were  being  utilized.  Also,  Mission  1  performance 
improved,  which  increased  Mission  1  and  3  operating  times. 

The  projected  value  for  reliability  was  95%  based  on  trend  analysis 
of  Figure  9.  This  value  is  8%  higher  than  the  expected  value  of  88%. 

The  improvement  occurred  because  few  Mission  3  failures  occurred  in  the 
last  study  periods. 

Availability  was  projected  to  have  a  value  of  91%  from  Figure  10 
analysis.  This  value  is  only  1%  higher  than  the  expected  value. 

Twenty-three  failures  and  eight  other  actions  for  a  total  of  31 
maintenance  actions  occurred  under  Mission  3  criteria  (Table  4) .  This 
is  a  reduction  of  80  maintenance  actions  over  Mission  1  performance. 

The  reduction  occurred  because  the  receiving  and  ash  subsystem  problems 
were  removed.  The  principal  Mission  3  problems  were  feedwater  equipment 
and  the  I.D.  fan. 

Operational  Parameter  Analysis 

Waste  Generation.  NS  Mayport  generated  an  average  of  125.7  tons  of 
waste  per  week  or  25.1  TPD  during  the  study  period.  The  HRI  was  able  to 
utilize  an  average  of  22.5  TPD  of  this  waste.  Solid  waste  generation 
data  were  available  for  121  weeks  of  the  153-week  study.  During  this 
time  the  activity  generated  15,205  tons  (incinerated  plus  hand-rejected 
waste  data).  The  HRI  utilized  the  15,205  tons  over  a  135-week  period 
(22.5  TPD). 

The  25.1  TPD  actual  waste  generation  rate  was  37%  lower  than  the 
design  value  of  40  TPD.  The  shortfall  was  caused  by  the  nature  of  the 
original  planning  studies.  The  studies  were  conducted  for  short  periods 
of  time  (less  than  2  weeks),  which  is  statistically  insignificant  when 
compared  to  the  long-term  operation  of  the  HRI.  This  was  proven  by 
examining  the  variation  in  solid  waste  generated  over  the  study  period. 

The  quantity  of  waste  varied  from  1,750  to  4,466  tons  per  6-month  period 
or  14  to  34  TPD. 

It  is  recommended  that  more  realistic  studies  of  waste  generation 
rates  be  conducted  before  an  HRI  is  designed.  NCEL  has  developed  a 
recommended  survey  method  in  which  accurate  data  for  planning  purposes 
can  be  obtained  (Ref  12) .  Proper  sizing  of  HRI  equipment  to  match  the 
waste  generated  is  necessary  to  prevent  underutilization  of  expensive 
capital  equipment. 

Incineration  Rate.  Figure  10  is  a  plot  of  the  solid  waste  incinera¬ 
tion  rate  during  the  study  period.  The  incineration  rate  increased  for 
the  first  five  analysis  periods,  but  decreased  in  the  sixth.  The  decrease 
was  a  result  of  the  numerous  ram  cylinder  failures  that  occurred  in  the 
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sixth  period.  There  vere  two  reasons  for  the  increase  in  incineration 
rate  for  the  first  five  periods.  The  auiin  reason  was  better  equipment 
operation  and  waste  sorting  techniques.  The  second  reason  was  a  lack  of 
demand  for  the  steam  during  the  beginning  of  the  analysis  due  to  the 
inadequate  distribution  network  for  the  HRI.  This  situation  was  corrected 
in  May  1983  when  a  valve  was  repaired  that  allowed  access  to  other 
activity  steam  lines. 

The  projected  long-term  average  for  the  incineration  rate  was 
1.75  TPH.  The  projected  incineration  rate  was  essentially  the  same  as 
the  design  rate  of  1.67  TPH.  The  incineration  rate  was  adjusted  based 
on  the  waste  generation  rate  and  the  incinerator  operating  time,  so  the 
HRI  achieved  its  design  goal  for  average  incineration  rate.  On  the 
average,  the  HRI  incinerated  21.1  TPD  (14,234  tons  over  135  weeks). 

Ash  Production.  The  HRI  produced  4,286  tons  of  wet  and  fly  ash 
while  incinerating  14,234  tons  of  solid  waste.  These  numbers  do  not 
include  the  waste  received  from  4  Oct  1982  to  24  Jan  1983  because  wet 
ash,  fly  ash  and  rejected  waste  data  were  not  reported  during  this  time. 
This  means  that  the  HRI  produced  0.30  ton  of  ash  per  ton  of  waste  inciner¬ 
ated  or  0.5  TPH  for  the  predicted  incineration  rate  of  1.75  TPH.  This 
equaled  the  expected  value  of  0.30  ton/ ton. 

Landfill  Reduction  and  Cost  Savings.  The  primary  objective  of  the 
HRI  was  to  reduce  the  quantity  of  waste  entering  the  local  landfill. 

This  landfill  reduction  was  9,948  tons  or  65%  of  the  waste  delivered  to 
the  HRI.  This  value  was  based  on  5,257  tons  disposed  in  the  landfill, 
compared  to  15,205  tons  delivered  to  the  HRI.  The  projected  value  was 
7%  lower  than  the  expected  value  of  70%.  The  shortfall  was  due  to  the 
greater  than  expected  use  of  waste  sorting  required  to  improve  incinerator 
performance. 

The  projected  cost  savings  were  $26,600/yr  based  on  22.5  TPD  received 
by  the  HRI  and  a  $7/ton  waste  disposal  cost.  This  value  is  48%  lower 
than  expected  due  to  the  shortfall  in  actual  waste  generation  and  incinera¬ 
tion  time. 

Steam  Production.  The  HRI  produced  101,297,833  pounds  of  steam, 
using  522,059  gallons  of  fuel  and  waste  oil  and  16,373  tons  of  solid 
waste.  This  was  broken  down  into  projected  steam  production  values  of 
3,800  pounds  of  steam  per  ton  of  waste  from  Figure  11,  and  72  pounds  of 
steam  per  gallon  of  oil  as  calculated  in  Appendix  B.  Based  on  the 
predicted  incineration  rate  of  1.75  TPH  and  a  nominal  oil  firing  rate  of 
10  gal/hr,  the  HRI  produced  7,370  pounds  of  steam  per  hour  or  8.7  MBtu/hr. 

This  projected  value  is  26%  lower  than  the  predicted  value  of 
10,000  Ib/hr.  The  shortfall  was  caused  by  the  reduced  thermal  efficiency 
and  incineration  rate  parameters. 

Average  Steam  Cost.  Figure  12  is  a  plot  of  steam  cost  (based  on 
1981  dollars)  which  in  general  decreased  over  the  study  period.  The 
steam  cost  for  the  last  6-month  period  was  higher  than  the  previous 
value,  but  this  was  caused  by  the  large  number  of  failures  in  the  feed 
ram  cylinders.  Assuming  a  1981-83  energy  inflation  rate  of  10%  and  a 
1981  cost  of  $5.50/MBtu,  the  estimated  long-term  average  for  steam  cost 
was  $6.05/MBtu  (1983  dollars)  of  steam  produced.  This  value  is  30% 
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below  the  1983  cost  of  $8.70/MBtu  for  steam  produced  at  NAS  Jacksonville. 
This  cost  difference  is  primarily  a  function  of  fuel  savings.  The  HRI 
and  boiler  costs  did  not  include  capital  recovery,  and  the  HRI  cost  did 
not  include  any  savings  from  the  reduction  in  solid  waste  disposal 
costs.  The  projected  cost  savings  were  $102,320/yr  based  on  producing  a 
potential  of  38,610  MBtu  of  steam  per  year  (Appendix  B). 

Fossil  Fuel  Offsets/Thermal.  The  fossil  fuel  offsets  were  projected 
to  be  0.75  BOE/ton  of  waste  incinerated.  This  value  was  based  on  trend 
analysis  of  Figure  13.  The  HRI  saved  a  total  of  10,590  BOE  by  using 
solid  waste  during  the  3-year  study  period. 

The  expected  performance  was  240  BOE/wk,  while  the  actual  value  was 
79  BOE/wk.  The  difference  was  caused  by  three  factors.  First,  the 
waste  generation  rate  was  only  63%  of  the  predicted  value.  Second,  the 
thermal  efficiency  was  13%  lower  than  expected.  Finally,  incineration 
time  was  32%  lower  than  the  expected  value  of  120  hours.  These  factors 
combined  to  severely  reduce  the  fossil  fuel  offsets. 

The  estimated  long-term  average  for  HRI  thermal  efficiency  was  48%, 
based  on  the  total  quantities  of  energy  used  and  produced  for  the  study 
period.  The  design  goal  for  the  HRI  was  55%  compared  to  a  typical 
thermal  efficiency  of  78%  for  a  stoker  coal  boiler.  Thermal  efficiency 
for  incinerating  solid  waste  only  was  41%  (Appendix  B)  and  for  fuel  oil 
only  was  63%  (Ref  13). 

The  reduction  in  efficiency  was  due  to  the  inefficient  distribution 
of  combustion  air.  European  HRIs  supply  the  combustion  air  from  underneath 
the  waste  (Ref  14).  This  underfire  method  promotes  better  oxygen  contact 
and  helps  mix  the  waste.  Originally,  the  Mayport  HRI  was  designed  with 
underfire  air  in  the  hearth  section.  However,  this  caused  a  number  of 
slagging  problems  in  the  hearth  and  the  underfire  air  was  stopped.  The 
slagging  occurred  because  the  waste  on  the  hearth  was  only  moved  by  the 
feed  ram  once  every  2  to  4  minutes.  The  thick  layer  of  waste  on  top  of 
the  hearth  concentrated  the  air  at  the  waste-hearth  interface.  This 
created  high  temperature  areas  near  the  hearth  drop-off  which  caused 
slagging.  Underfire  air  should  only  be  used  in  areas  where  the  waste  is 
mechanically  moved  (grates)  so  that  adequate  waste-air  mixing  can  occur. 

The  Mayport  HRI,  which  supplies  air  from  above  the  waste  (overfire), 
must  supply  more  air  to  properly  mix  and  combust  the  waste.  Therefore, 
the  Mayport  HRI  used  150%  excess  air  (Ref  13)  (air  in  addition  to  that 
needed  for  stoichiometric  conditions)  compared  to  100%  excess  air  for 
the  European  design  (Ref  14) . 

The  slight  variations  in  thermal  efficiency  (Table  2)  were  caused 
by  changes  in  the  energy  value  of  the  solid  waste.  The  value  5,134  Btu/lb 
used  in  this  report  was  measured  during  a  3-day  test  at  NS  Mayport 
(Ref  13).  This  value  was  not  accurate  because  of  the  highly  variable 
nature  of  solid  waste,  and  the  inaccuracy  had  an  effect  on  thermal 
efficiency. 

This  effect  can  be  seen  in  Figure  14.  The  HRI  produced  a  set 
quantity  of  steam  energy  and  this  quantity  was  independent  of  any  inac¬ 
curacies  in  the  assumed  energy  value  of  the  solid  waste.  If  the  actual 
waste  energy  value  had  been  5,600  Btu/lb,  the  thermal  efficiency  would 
be  45%  (6%  lower  than  the  original  value).  The  extra  energy  input  of 
466  Btu/lb  available  from  the  solid  waste  would  not  have  been  used 
because  the  energy  output  remained  constant.  Conversely,  an  energy 
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value  of  4,500  Btu/lb  would  give  a  thermal  efficiency  of  52%  (9%  higher) 
because  the  lower  energy  from  the  waste  would  be  used  more  effectively. 

It  can  be  seen  from  Figure  14  that  a  9%  change  in  energy  content  changed 
the  thermal  efficiency  by  11%.  Therefore,  the  slight  variance  in  thermal 
efficiency  over  the  six  study  periods  could  be  caused  by  changes  in  the 
energy  value  of  the  waste.  However,  the  large  decrease  in  actual  perfor¬ 
mance  versus  expected  performance  could  only  be  caused  by  equipment, 
design,  or  operational  procedures  and  not  by  changes  in  energy  value. 

Incineration  Time.  Solid  waste  incineration  time  is  plotted  in 
Figure  15.  It  can  be  seen  that  incineration  time  increased  over  the 
first  three  periods  and  then  leveled  off  for  the  last  three  periods. 

Actual  solid  waste  incineration  time  averaged  81.4  hr/wk  (5,942.09  hours 
for  73  weeks)  for  the  last  three  periods,  with  an  additional  7.4  hr/wk 
(540.67  hours  for  73  weeks)  from  burning  waste  oil  when  no  solid  waste 
was  available.  The  total  average  operation  time  for  the  HRI  was  88.8  hr/wk. 

The  projected  incineration  time  of  88.8  hr/wk  is  26%  lower  than  the 
design  value  of  120  hr/wk.  This  reduction  was  caused  by  problems  with 
the  crane,  feed  ram,  cylinders,  and  I.D.  fan. 

Maintenance  Man-Hours .  Routine  maintenance  on  weekends  was  scheduled 
as  7.5  hours  for  a  2-man  crew.  This  means  that  15  man-hr/wk  of  scheduled 
routine  maintenance  were  performed  on  the  HRI,  which  equaled  the  expected 
value.  Corrective  maintenance  was  increasing  in  the  last  three  periods 
and  required  11.5  hours  during  the  last  6-month  period.  Future  values 
could  be  expected  to  meet  or  exceed  these  values  as  the  HRI  equipment 
ages . 


Subsystem  Analysis 

Receiving  Subsystem.  The  receiving  subsystem  had  the  worst  perfor¬ 
mance  of  the  four  subsystems.  Forty-three  of  80  failures  and  10  of 
31  maintenance  actions  occurred  in  this  subsystem  (Table  4).  The  principal 
problem  areas  were  the  feed  rams,  crane,  and  the  front-end  loader. 

The  feed  ram  cylinder  failures  occurred  in  19  out  of  80  failures 
with  2,  3,  1,  3,  4,  and  6  failures  over  the  six  respective  study  periods. 
The  ram  warped  during  the  first  two  periods  because  the  ram  was  overextend¬ 
ing  into  the  primary  chamber.  This  exposed  the  cylinder  to  excessive 

heat,  caused  thermal  warpage,  and  increased  the  pressure  on  the  ram 

cylinder  and  seals,  thus  causing  failures.  The  problem  was  corrected  by 

adding  an  extension  to  the  rear  of  the  ram  which  reduced  the  required 
cylinder  stroke  and  the  pressure  on  the  cylinder  seals.  Also,  the  ram 
guide  wheels  which  had  been  flattened  on  one  side  from  extended  use  and 
inadequate  maintenance  were  replaced.  A  bi-annual  inspection  of  the  ram 
is  necessary  so  that  any  repairs  or  realignments  can  be  made.  A  weekly 
inspection  and  regreasing  of  the  ram  guide  wheels  is  necessary  to  maintain 
effective  performance.  Also,  a  set  of  rod  seals,  packing,  and  hydraulic 
fluid  should  be  stored  to  permit  faster  repairs. 

The  crane  failures  were  an  inherent  part  of  the  Mayport  HRI  opera¬ 
tion  —  17  out  of  80  failures,  with  4,  2,  3,  3,  4,  and  1  failures  during 
the  six  periods.  The  crane  was  an  original  design,  and  persistent 
failures  of  the  brake  shoes,  cables,  controls,  electrical  supply  system, 
and  drive  gears  indicate  an  inadequate  design  of  these  parts.  To  reduce 


the  number  of  crane  failures,  the  crane  selected  should  be  a  standard, 
off-the-shelf  item  of  proven  design.  Also,  a  program  of  preventive 
maintenance  with  monthly  inspections  and  an  adequate  inventory  of  spare 
parts  (brake  shoes  and  parts)  would  reduce  lost  time  from  any  crane 
failure. 

The  front-end  loader  caused  the  last  seven  failures  in  the  receiving 
subsystem.  These  failures  were  partly  from  flat  tires,  which  could  be 
prevented  if  solid  rubber  or  foam-filled  tires  were  used. 

The  best  feature  of  the  receiving  subsystem  was  the  design  of  the 
tipping  floor  and  the  storage  pit.  The  floor  and  pit  were  considered  by 
the  plant  operators  to  be  adequately  sized  for  the  quantity  of  waste 
delivered  to  the  HRI  (25  TPD) .  The  tipping  floor  had  an  area  of  6,000  ft^, 
the  pit  a  volume  of  8,856  ft^.  This  translated  into  a  design  value  of 
230  ft*/TPD  for  the  tipping  floor  and  3A0  ft^/TPD  for  the  storage  pit. 

Incineration  Subsystem.  The  incineration  subsystem  had  the  second 
best  performance  with  13  failures  and  four  other  actions.  Six  failures 
and  three  other  actions  were  stoker  or  tuyere  failures  which  would  not 
affect  Mission  3  performance  (Table  4). 

The  principal  equipment  problem  area  for  the  incinerator  was  the 
stoker  grates  with  four  failures  and  three  other  actions.  This  problem 
was  corrected  in  the  last  two  analysis  periods  (no  failures  occurred)  by 
slowing  dovm  the  grates  to  allow  for  better  waste  burnout,  and  by  conduct¬ 
ing  a  more  careful  waste  presorting  program.  It  is  recommended  that  the 
presorting  program  be  included  as  part  of  the  HRI  operational  procedures 
to  reduce  the  number  of  stoker  failures. 

The  other  incinerator  equipment  failures  occurred  only  once  or  as 
different  failures  in  one  piece  of  equipment.  No  recommendations  are 
made  or  are  necessary  regarding  these  situations. 

The  other  incineration  subsystem  problems  were  excessive  flyash 
carryover  and  slagging,  which  increased  maintenance  time  and  refractory 
wear.  A  large  part  of  the  preventive  maintenance  performed  during  the 
weekend  shutdown  was  required  to  remove  the  excessive  quantities  of 
flyash,  which  settled  in  both  incinerator  chambers,  the  boiler,  and  both 
stacks,  and  the  excessive  slag  from  both  incinerator  chambers.  The  ash 
and  slag  were  clogging  passages  between  these  subsystem  components, 
restricting  air  flow,  air  detention  times,  and  heat  transfer  rates.  It 
is  recommended  that  better  combustion  air  distribution  (underfire  versus 
overfire)  be  used  to  reduce  the  quantity  of  combustion  air  required,  thus 
reducing  air  flow  rates  and  particle  carryover. 

The  excessive  refractory  wear  was  caused  by  the  removal  of  ash  and 
slag  from  the  walls  of  the  incinerator  chambers.  The  refractory  had 
worn  through  to  the  insulation  block  at  the  hearth  drop-off  and  was 
severely  damaged  in  a  number  of  other  locations.  The  majority  of  refrac¬ 
tory  is  therefore  scheduled  for  replacement  in  June  1984.  It  is  recom¬ 
mended  that  slag  removal  be  carefully  done  to  reduce  refractory  damage, 
and  that  wear-resistant,  high-alumina-content  refractory  be  used  wherever 
the  waste  bed  comes  in  contact  with  the  walls. 

Boiler  Subsystem.  The  boiler  subsystem  had  the  second  worst  perfor¬ 
mance  with  16  failures  and  seven  other  actions  (Table  4).  The  major 
problem  areas  were  the  feedwater  equipment  and  the  I.D.  fan.  Also, 
design  changes  were  made  in  the  drain  piping  and  the  steam  system. 


The  feedwater  equipment  caused  seven  failures.  These  failures  were 
mainly  pump,  piping,  and  value  problems.  The  pump  drive  shafts  were  not 
correctly  aligned,  creating  undue  stress  on  the  pump  seals.  It  is  recom¬ 
mended  that  a  bi-annual  overhaul  and  inspection  to  replace  worn  parts, 
and  to  realign  and  clean  the  system  be  conducted  to  reduce  the  number  of 
failures  and  improve  performance. 

The  I.D.  fan  motor  burnout  due  to  dust  accumulation  was  the  worst 
problem,  with  repair  times  ranging  from  28  to  40  hours.  Bi-annual 
overhaul  and  inspections  to  replace  worn  parts  and  to  realign  and  clean 
the  system  should  reduce  the  time  lost  from  these  types  of  failures. 

Two  design  corrections  to  the  boiler  subsystem  were  made  during  the 
3-year  test  period.  The  first  was  the  replacement  of  the  drain  piping 
from  the  boiler  blowdown  tank  and  the  ash  quenchtank.  This  was  done 
because  the  hot  water  warped  the  plastic  piping,  which  then  broke.  A 
metal  or  concrete  pipe  would  not  be  affected  by  the  hot  water.  The 
drain  piping  from  the  quenchtank  also  experienced  another  type  of  problem. 
The  hardness  and  high  pH  of  the  quench  water  caused  scaling  and  clogging 
of  the  pipe.  Water  treatment  to  reduce  pH  and  control  scaling  or  monthly 
mechanical  routing  out  of  the  drain  pipe  could  be  necessary.  The  second 
correction  was  the  addition  of  a  steam  separator  to  the  top  of  the 
boiler  to  correct  the  high  water  content  of  the  steam. 

Ash  Subsystem.  The  ash  subsystem  had  the  best  subsystem  performance 
with  eight  failures  and  ten  other  actions  (Table  4).  All  of  these 
problems  occurred  in  the  ash  conveyor. 

The  ash  conveyor  caused  eight  failures,  but  all  of  these  failures 
occurred  in  the  first  three  periods.  These  failures  were  corrected  by 
more  careful  waste  presorting  and  by  slowing  down  the  stoker,  which 
allowed  for  a  better  waste  burnout.  These  steps  reduced  the  number  of 
large,  bulky,  and  nonburnable  items  being  Jammed  between  the  ash  chain 
and  gears  that  caused  shear  pin  failure.  Future  conveyor  design  should 
ensure  no  moving  parts  enter  the  water.  This  should  reduce  the  potential 
for  jams  and  reduce  the  amount  of  lubrication  required  for  the  moving 
parts . 


CONCLUSIONS 

The  HRI  at  NS  Mayport  did  not  meet  its  expected  performance  goals 
in  most  of  the  categories  studied.  This  shortfall  was  caused  by  poor 
performance  and  overdesign  of  HRI  equipment.  A  number  of  these  problems 
were  corrected  over  the  study  period,  and  as  a  result,  the  performance 
reached  acceptable  levels. 


RECOMMENDATIONS 

NCEL  recommendations  are  organized  into  areas  of  planning,  design, 
operation,  and  maintenance.  These  recommendations  are  primarily  for  the 
design  elements  reviewed  in  this  report  that  should  be  carefully  considered 
in  an  HRI  being  designed  for  any  Navy  facility. 


•  Prior  to  HRI  design,  conduct  a  long-term  study  to  determine  the 
variability  of  waste  quantities  and  composition.  This  study 
should  be  conducted  as  outlined  in  the  new  survey  method  developed 
by  NCEL  (Ref  12).  This  method  collects  data  for  25  to  30  days 
over  a  year's  period,  and  then  analyzes  the  data  statistically 

to  provide  accurate  results.  The  benefit  of  this  procedure  is 
that  the  HRI  can  be  properly  designed  for  the  type,  quantity, 
and  variation  of  waste  available.  This  will  reduce  operation 
and  maintenance  costs  and  improve  reliability. 

Design  Criteria 

•  Design  the  feed  system  such  that  the  ram  hydraulic  cylinder  rod 
does  not  become  heated  by  or  extend  into  the  primary  chamber  to 
reduce  seal  failure  from  an  overheated  rod. 

a  Select  drain  piping  and  sizes  for  high  temperature  flows  to 

prevent  pipe  buckling  and  blockage.  Water  treatment  or  mechanical 
routing  may  be  necessary  to  reduce  scale  buildup. 

•  Select  a  standard  off-the-shelf  crane  with  proven  performance. 

a  Design  combustion  air  distribution  as  primarily  underfire  air  to 
reduce  the  quantity  of  air  required  and  the  resultant  flyash 
carryover. 

a  Design  ash  conveyor  so  that  no  moving  parts  enter  the  water  of 
the  quenchtank. 

a  Construct  at  least  a  230  ft*/TPD  and  a  340  ft®/TPD  tipping  floor 
and  storage  pit,  respectively. 

a  Design  the  boiler  such  that  the  necessary  steam  characteristics 
are  obtained.  This  includes  the  use  of  extra  equipment,  such  as 
a  steam  separator,  if  necessary. 

a  Use  high  quality  alumina  refractory,  with  additional  wear  protec¬ 
tion  for  the  refractory  in  contact  with  the  moving  refuse  bed. 

Operating  Criteria 

a  Remove  large,  bulky,  and  dangerous  items  from  the  waste  by 
handsorting  on  the  tipping  floor. 

Maintenance  Procedures 

a  Perform  a  weekly  slag  removal  and  cleaning  of  each  boiler  tube. 


a  Perform  a  monthly  inspection  of  the  crane  to  check  for  worn 
brake  shoes  or  drive  gears. 


•  Perform  a  bi-annual  inspection  and  overhaul  of  the  feed  ram  to 
correct  warpage  or  misalignment.  Perform  weekly  greasings  and 
inspections  of  the  feed  ram  guide  wheels. 

•  Perform  a  bi-annual  inspection  and  overhaul  of  the  I.D.  fan  to 
check  for  misalignment  of  the  fan  and  dust  in  the  motor. 

•  Perform  a  bi-annual  inspection  and  overhaul  of  the  feedwater 
equipment  and  piping  to  check  performance;  clean  and  realign 
valves  and  pumps. 

•  Nave  a  set  of  crane  brake  parts  and  a  set  of  ram  seals,  packing, 
and  hydraulic  fluid,  plus  any  contractor  recommendations  for 
other  parts,  as  a  spare  parts  store. 

•  During  slag  removal  from  refractory,  take  precautions  to  reduce 
damage  to  the  refractory  (leave  some  slag). 
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NOMENCLATURE 


Average  cost  of  steam  (see  Equation  A-41),  $/MBtu 

Operational  availability  as  a  probability  (see  Equations 
A-10  through  A-12),  expressed  as  a  decimal 

Total  cost  of  consumable  supplies  not  included  in  CF,  $ 

Total  cost  of  fuel  used  (virgin  and  waste  oil,  diesel,  and 
electrical  power) ,  $ 

Conversion  factor,  Btu  to  BOE,  5.8  x  10^ 

Corrective  maintenance  ratio  (see  Equation  A-15), 
man-hr/ operating  hr 

Total  cost  of  parts  used  in  repair,  maintenance,  and 
replacement,  $ 

Efficiency  of  solid  waste  weight  reduction  through 
incineration  (see  Equation  A-44),  % 

Density  of  make-up  water,  8.3  Ib/gal 

Steam  energy  from  waste  oil,  Btu 

Steam  energy  from  fuel  oil,  Btu 

Steam  energy  from  solid  waste,  Btu 

Electrical  cost  (see  Equation  A-37),  $ 

Electrical  energy  supplied  to  the  HRI  (see  Equation  A-25), 
Btu 

Base  of  Naperian  log  system,  2.718 
Electricity  conversion  factor,  11,600  Btu/kW-hr 
Fossil  fuel  offsets  (see  Equation  A-28) ,  BOE 
Fossil  fuel  energy  used  by  the  boiler,  Btu 
Fossil  fuel  energy  consumed  by  the  HRI,  Btu 
Nominal  oil  firing  rate,  gal/hr 
Maximum  oil  firing  rate,  gal/hr 


HRI 


Heat  Recovery  Incinerator 


H.,  Energy  from  diesel  fuel  supplied  to  front-end  loader 

(see  Equation  A- 26) ,  Btu 

H  Energy  derived  from  fuel  oil  supplied  to  HRI  (see 

°  Equation  A-20) ,  Btu 

H.  .  Energy  supplied  to  HRI  (see  Equations  A- 18  through 

A-23),  Btu 

H  Energy  derived  from  solid  waste  and  supplied  to  the  HRI 

(see  Equation  A-19),  Btu 

H  Energy  derived  from  make-up  of  water  supplied  to  the 

HRI  (see  Equation  A-22),  Btu 

H  Energy  derived  from  waste  oil  and  supplied  to  the 

HRI  (see  Equation  A-21),  Btu 

h . ,  Estimated  higher  heating  value  from  diesel  fuel  (Ref  10) , 

58,725  Btu/ ton  of  solid  waste 

h^^  Higher  heating  value  of  fuel  oil,  138,810  Btu/ gal 

h^  Average  steam  enthalpy  produced  by  the  HRI,  1,185  Btu/lb 

h  Higher  heating  value  of  solid  waste  (Ref  13),  5,134  Btu/lb 

sw 

h^  Enthalpy  of  water  at  80°F,  48  Btu/lb 

h  Higher  heating  value  of  waste  oil,  134,957  Btu/gal 

wo 

l.D.  Induced  draft  fan 

IR  Incineration  rate  of  the  HRI  facility  (see  Equation  A-42) , 

ton/hr 

Quantity  of  fly  ash  and  slag,  tons 

Quantity  of  solid  waste  that  is  hand- rejected,  tons 

Solid  waste  fired  in  the  HRI,  tons 

M, ,  Wet  ash  removed,  tons 

14 

Steam  produced,  pounds 

M, ^  Makeup  water  supplied  to  HRI,  gallons 

M^^  Blowdown,  gallon 
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MTBMA 


Fuel  oil  supplied  to  HRI,  gallon 
Waste  oil  supplied  to  HRI,  gallon 

Diesel  fuel  oil  supplied  to  front-end  loader,  gallon 

Maintainability  Index  (see  Equation  A-16),  maintenance 
man-hr/operating  hr 

Operating  labor  spent  on  the  HRI  during  t  ,  man-hr 

d 

Maintenance  labor  spent  on  the  HRI  during  t^^,  man-hr 

Maintenance  labor  spent  on  the  HRI  during  t^,  man-hr 

Mean  Time  Between  Failures  (see  Equations  A-1  through 
A-3) ,  hour 

Mean  Time  to  Repair  (see  Equation  A-13),  hour 

Mean  Time  Between  Maintenance  Action  (see  Equations  A-4 
through  A-6) ,  hour 

Naval  Air  Station 

Naval  Civil  Engineering  Laboratory 

Number  of  failures  that  caused  shutdown  of  the  HRI  or 
subsystem 

Number  of  maintenance  actions 
Number  of  repairs 
Naval  Station 

Average  cost  of  steam  produced  at  the  activity,  $/MBtu 

Landfill  reduction  by  weight  for  solid  waste  accepted 
at  HRI  (see  Equation  A-4S),  % 

Preventive  maintenance  ratio  (see  Equation  A-14), 
man-hr/operating  hr 

Reliability  as  a  probability  (see  Equations  A-7  through 
A-9),  expressed  in  decimal  numbers 

Reliability,  availability,  and  maintainability 

Resource  Conservation  Recovery  Act 

Rate  of  steam  production  from  oil,  Ib/gal 


•' .  •*.  •*.  •*.  •' .  •*.  ' 
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Rate  of  steam  production  from  waste,  lb/ ton 

Steam  produced  from  waste  oil  and  fuel  oil,  pounds 

Steam  produced  from  solid  waste,  pounds 

Specific  consumable  costs  (see  Equation  A-33),  $/MBtu 

Steam  energy  produced  by  the  HRI ,  MBtu 

Specific  operating  man-hours  (see  Equation  A-29), 
man-hr/MBtu 

Efficiencies  of  steam  production  (see  Equation  A-43) , 
lb  steam/ lb  solid  waste 

Specific  repair  and  maintenance  cost  (see  Equation  A-32), 

$/MBtu 

Specific  repairs  and  maintenance  man-hours  (see  Equation  A- 30) , 
man-hr/MBtu 

Specific  total  man-hours  (see  Equation  A-31),  man-hr/MBtu 

Total  monitoring  period  (see  Equation  A-46),  hour 

Average’  kilowatts/hr  supplied  to  the  HRI  from  short-term 
test  at  NS  Mayport  (Ref  13),  169.31  kW/hr 

Overall  thermal  efficiency  (see  Equation  A-17),  % 

Tons  per  day 

Operating  time  for  the  specific  HRI,  subsystem,  or  mission, 
hour 

Time  spent  in  routine  maintenance,  hour 

Time  spent  in  repairs/replacements  for  the  specific  mission, 
hour 

HRI  idle  time  (operational) ,  hour 

HRI  idle  time  (not  operational)  for  the  specific  mission, 
hour 

Incineration  equipment  operating  period,  hour 
Mission  time  for  reliability  calculations,  120  hours 
Average  incineration  tiiae  for  oil  only,  hr/wk 


Average  incineration  time  for  solid  waste,  hr/wk 
Wages,  $/hr 

Failure  rate  for  specific  mission,  1/MTBF 
Boiler  thermal  efficiency,  0.80 

Efficiency  of  fuel  oil  incineration  (Kef  13),  0.63 
Efficiency  of  solid  waste  incineration 


Tdhl**  t.  Raw  l>ata  lor  the  Six  Study  PmoHs 
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^'Quantity  of  waste  ini  inerateil  when  the  16-week  period  from  4  tht  82  to  24  ,Ian  Hi  was  r‘“mov«*d  Tins  value  was  used  to  determiiu' 
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For  a  16-week  period  from  4  iUt  82  to  24  .fan  81,  no  values  were  reported  tor  these  tategories 
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Table  3.  Comparison  of  Expected  and  Projected  Results 


Parameter 

Expected 

Projected 

Difference® 

(%) 

Mission  1 

R,  % 

77 

58 

-25 

A,  % 

90 

82 

-9 

M,  man-hr/ton 

0.1 

0.1 

0 

Mission  2 

R,  % 

84 

61 

-27 

A,  % 

90 

82 

-9 

Mission  3 

R,  % 

88 

95 

+8 

A,  % 

90 

91 

+  1 

Waste  generation  rate,  TPD 

40 

25.1 

-37 

Incineration  rate,  TPH 

1.67 

1.75 

5 

Ash  production,  ton/ ton 

0.3 

0.3 

0 

Landfill  reduction,  % 

70 

65 

-7 

Cost  savings,  $/yr 

51,000 

26,600 

-48 

Steam  production,  Ib/hr 

10,000 

7,370 

-26 

Fossil  fuel  offsets,  BOE/wk 

240 

79 

-67 

Thermal  efficiency,  % 

55 

48 

-13 

Annual  steam  cost,  $/MBtu 

8.70 

6.05 

-30 

Incineration  time,  hr 

120 

81.4 

-32 

Preventive  Maintenance  man-hr 

15 

15 

0 

(1  -  projected/expected)  x  100 


Failures  and  Other  Actions  by  Mission  and  Subsystem' 


CM 

NO 

»H  00 

cn 

CM  ^ 

ON  CM  CM 


^  CM  CM 


o  NO  «o  <n 


CM  i-i  in 


00  m  cn  ^  cn 


r- 

CM  ^ 

m 

^  00 

CM 

CM  I  m 


m  CM  CM  cn 


cn  in  <n 


o 

S 

«9  O 
W 


vO 

Os 

OS 

o 

m 

CM 

vO 

00 

«n 

CM 

cn 

o 

cn 

«» 

cn 

cn 

00 

CM 

CM 

CM 

cn 

cn 

00 

00 

00 

00 

00 

00 

u 

Pk. 

u 

A 

u 

00 

CO 

41 

<0 

4) 

<0 

3 

£ 

cn 

£ 

cn 

£ 

< 

o 

CM 

CM 

cn 

00 

00 

00 

00 

00 

00 

u 

4J 

V4 

4J 

'  o 

A 

u 

A 

U 

A 

Ll 

< 

o 

< 

o 

< 

1  CM 

w 

w  1 

1 

CM 

A 


CM 

m 

vO 

ON 

cn 

00 

m 

1 

CM 

1 

cn 

■ 

m 

■a 

Os 

o 

00 

CM 

CM 

cn 

CO 

00 

00 

00 

00 

00 

00 

u 

A 

u 

A 

u 

00 

CO 

V 

CO 

V 

CO 

3 

£ 

CO 

£ 

CO 

£ 

< 

o 

CM 

CM 

m 

00 

oo 

oo 

00 

00 

00 

4^ 

M 

U 

V4 

U 

A 

u 

A 

u 

A 

o 

< 

o 

< 

o 

< 

Numbers  in  parenthesis  were  stoker  and  tuyere  failures  or  other  actions 
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<a)  Mission  1 :  Incinerate  solid  waste  and  produce  steam. 
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(b)  Mission  2:  Incinerate  solid  waste  only. 
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(c)  Mission  3 :  Produce  steam  only. 


Figure  3.  Graphical  depiction  of  HR  I  missions. 
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Figure  5.  Mission  1  availability  growth  over  the  study  period. 
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Figure  7.  Mission  2  reliability  growth  over  the  study  period. 
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Figure  8.  Mission  3  reliability  growth  over  the  study  period. 


X 


X  Actual  data 
—  Graph  of  equation 


A 

Corf 

Estimated  Tinal  value 


0.182  In  T  +  0.248 

0.93 

91% 


Study  Duration,  T  (mo) 

Figure  9.  Mission  3  availability  growth  over  the  study  'reriod. 
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Figure  10.  Incineration  rate  over  the  study  period. 
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Figure  11.  Steam  production  over  the  study  period. 
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Figure  12.  Steam  cost  over  the  study  period. 
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Figure  13.  Fossil  fuel  offrets  over  the  study  period. 
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Figure  15.  Incineration  time  over  the  study  period. 


Values 


Overall  HRI  System  Parameters 
Parameters 

Thermal  Efficiency  (TE) 

Specific  Total  Man-hours  (STM) 
Average  Cost  of  Steam  (ACS) 
Percentage  Landfill  Reduction  (PLR) 
Fuel  Oil/Ton  of  Waste 
Solid  Waste  Processing  Rate  (PR) 


0.49 

0.397  man-hr/MBtu 
$6.54/MBtu 
66% 

29  gal/ton 
1.59  ton/hr 


Breakdown  of  Time  Categories 

First  column  of  numbers  was  for  Mission  1  and  2  times,  second 
column  of  numbers  was  for  Mission  3  times  (when  waste  oil  was  used  to 
produce  steam) . 


Hours  Involved 


Use  of  Time 

Mission  1  and  2 

Mission  3 

Time  spent  operating  the 

HRI  (t  ) 
a 

4,873 

5,982 

Time  spent  in  active  pre¬ 
ventive  maintenance  (t^) 

400 

400 

Time  spent  in  active  cor¬ 
rective  maintenance  (t  ) 

c 

289 

34 

Time  the  HRI  was  idle,  but 
operational  (t^) 

3,623 

3,175 

Time  the  HRI  was  idle,  but 
operational  (t^) 

not  829 

422 

BACKGROUND 

The  data  were  collected  and  analyzed  to  determine  RAM  parameters 
for  the  three  individual  missions  of  the  HRI:  Mission  1,  produce  steam 
through  the  incineration  of  solid  waste;  Mission  2,  incinerate  solid 
waste  without  steam  production;  and  Mission  3,  produce  steam  firing 
waste  oil  and/or  solid  waste. 


Performance  of  the  first  mission  required  that  all  of  the  HRI 
subsystems  (receiving,  incineration,  ash,  and  boiler)  be  operational. 

The  second  mission  needed  to  have  all  subsystems  but  the  boiler  operational. 
The  third  mission  was  operational  as  long  as  the  boiler  and  incinerator  - 
minus  stoker  and  tuyere  failures  -  were  working. 

The  missions  were  necessary  to  evaluate  performance  in  the  three 
possible  operational  modes  of  the  HRI.  Table  A~1  lists  the  RAM  parameters 
for  the  three  missions.  Table  A-2  totals  the  failures  that  occurred  for 
each  mission. 

Mission  1  and  2  operational  times  were  the  same.  The  HRI  did  not 

incinerate  solid  waste  unless  it  was  producing  steam.  Mission  3  times 

were  determined  by  adding  the  times  that  waste  oil  was  used  to  produce 

steam  to  the  operational  time  (t  )  of  the  boiler.  To  keep  the  time 

categories  balanced  with  real  time,  the  time  added  to  t  for  Mission  3 

had  to  be  subtracted  from  t  ,  t.,  and  t  as  listed  below: 

c’  d  e 

t  factor:  -25A.75  hr 
c 

t.  factor:  -448.42  hr 

a 

t  factor:  -406.65  hr 
e  - 

add  to  t  :  1,109.62  hr 

a 

Two  other  anomalies  affected  the  results  of  this  study.  First, 
from  4  October  1982  to  24  January  1983  no  data  on  wet  ash,  fly  ash,  or 
reject  weights  were  recorded  due  to  various  mechanical  problems.  There¬ 
fore,  the  solid  waste  incinerated  data  during  this  period  were  not  used 
for  long-term  disposal  parameters  DR  and  PLR  (Equations  A-43  and  A-44) . 
Second,  from  16  to  31  May  1983,  the  HRI  was  shut  down  for  an  overhaul. 

This  time  was  not  included  in  the  analysis  as  the  overhaul  occurred  only 
once  in  3  years.  Inclusion  of  the  data  from  this  period  would  distort 
the  long-term  performance  averages.  A  more  reasonable  analysis  was 
obtained  by  viewing  HRI  operation  as  3  years  at  the  predicted  performance, 
then  2  weeks  of  overhaul . 


FY83  HRI  PERFORMANCE  PROFILE 

This  section  provides  a  summary  of  the  data  collected  and  the 
resulting  RAM,  thermal  efficiency,  and  cost  parameters  for  the  NS  Mayport 
HRI  installation  during  the  period  between  July  1982  and  August  1983. 

This  period  was  selected  because  the  previous  data  had  been  reported  in 
References  10  and  11. 

Table  A-3  provides  the  totals  of  the  various  times,  fuel,  water  and 
waste  consumed,  and  the  steam  produced  during  the  period.  The  parameters 
represent  the  information  for  432  calendar  days  and  295  operating  days. 

Of  the  total  possible  hours,  the  HRI  installation  spent  5,982  hours 
operating,  434  hours  in  maintenance  (both  routine  and  corrective), 

3,597  hours  of  idle  time  (operational  and  nonoperational  combined),  and 
15  days  (360  hours)  in  HRI  overhaul  (not  used  in  analysis).  The  idle 


time  was  made  up  mostly  of  weekends  and  holidays  when  the  HRI  did  not 
run.  Under  normal  operating  conditions,  the  HRI  was  idle  from  midnight 
Friday  night  until  midnight  Sunday  night  with  approximately  7.5  hours  of 
that  time  spent  in  scheduled  maintenance.  A  monthly  breakdown  of  all 
time  and  energy  consumption  categories  is  contained  in  Tables  A-4  and  A-5 . 

Table  A-6  provides  the  detailed  listing  of  the  maintenance  actions 
that  were  performed  on  the  HRI .  A  maintenance  action  included  any  task 
that  required  the  replacement  of  a  failed  component,  adjustment  or 
imjamming  of  an  item,  or  any  other  action  necessary  to  restore  the  HRI 
to  full  operation.  The  34  maintenance  actions  included  28  failures. 

The  most  frequent  problem  areas  included  the  overhead  crane  (seven 
maintenance  actions,  including  six  failures)  and  the  incinerator  feed 
ram  hydraulic  cylinder  (14  maintenance  actions,  including  12  failures). 

The  long-term  operational  and  solid  waste  disposal  parameters  are 
shown  in  Table  A-7 . 

The  demonstrated  mean  time  between  failure  (MTBF)  for  the  entire 
HRI  installation  was  174  hours.  This  means  that  on  the  average  one 
would  expect  to  operate  for  174  hours  before  a  failure-induced  shutdown. 

The  demonstrated  mean  time  between  maintenance  actions  (MTBMA)  for 
the  entire  HRI  installation  was  143  hours.  This  means  that  on  the 
average  one  would  expect  to  operate  143  hours  and  then  require  a  mainte¬ 
nance  action.  Maintenance  actions  included  all  corrective  actions 
(i.e.,  to  replace  a  failed  item  or  to  unjam  an  item),  including  when  a 
failure  occurred. 

The  demonstrated  Mission  1  reliability  (R)  for  the  entire  HRI 
installation  was  0.502.  This  means  that  there  is  a  0.502  probability 
that  the  HRI  will  operate  trouble-free  for  120  consecutive  hours  during 
a  normal  operation  cycle. 

The  demonstrated  Mission  1  operational  availability  (A  )  for  the 
entire  HRI  installation  was  0.762.  This  means  that  there  is  a  0.762 
probability  that  the  HRI  will  be  capable  of  performing  all  of  its  func¬ 
tions  when  called  upon  at  any  random  point  in  time. 

There  were  28  repairs  associated  with  total  HRI  shutdowns  that  were 
used  in  the  mean  time  to  repair  (MTTR)  computations  that  accounted  for 
289  calendar  hours.  The  demonstrated  MTTR  for  HRI  failure  during  this 
period  was  10.3  hours  (Table  A-1).  Twenty-four  failures  were  repaired 
while  the  HRI  was  burning  waste  oil  only  to  produce  steam.  This  indicates 
that  on  the  average  approximately  10.3  hours  (more  than  a  complete 
shift)  were  required  to  restore  the  HRI  to  operation  after  a  failed 
condition.  A  brief  discussion  of  each  subsystem's  maintenance  problems 
follows. 

Incineration  Subsystem.  MTTR  =  2.8  hours  (two  failures).  The 
incinerator  subsystem  improved  from  FY82;  only  two  minor  failures  occurred 
(stoker  cylinder  seal  leak  and  a  crack  in  the  hopper  cooling  throat). 

Receiving  Subsystem.  MTTR  =  10.4  hours  (22  failures).  This  subsystem 
consisted  of  the  front-end  loader,  overhead  crane,  hopper,  and  incinerator 
ram  feed.  Six  of  the  22  subsystem  failures  were  experienced  by  the 
overhead  crane  with  repair  times  ranging  from  3.3  to  40  hours.  Twelve 
of  the  22  subsystem  failures  were  experienced  by  the  feed  ram  with 
repair  times  ranging  from  2  to  20  hours.  The  decrease  in  processing 


performance  from  FY82  to  FY83  was  due  to  the  ram  failures  (12  versus 
zero  in  FY82) .  The  most  probable  causes  were  that  a  failure  in  the  feed 
ram  guide  wheels  and  ram  misalignment  caused  an  increase  in  hydraulic 
pressure  in  the  ram  cylinder.  The  same  problem  occurred  in  FY81  with 
four  failures. 

Boiler  and  Ash  Removal  Subsystems.  MTTR  =  10.6  (four  failures). 

The  10.6~hour  MTTR  for  the  boiler  subsystem  was  heavily  influenced  by 
28  hours  of  repair  time  to  rewind  and  restore  the  I.D.  fan  motor. 

Ash  Removal  Subsystem.  No  failures  occurred. 

MAINTENANCE,  THERMAL  EFFICIENCY,  AND  COST  PARAMETERS 

The  preventive  maintenance  ratio  (PMR)  was  determined  by  dividing 
the  man-hours  spent  on  preventive  maintenance  by  the  total  operating 
time.  The  PMR  during  this  period  was  0.175.  This  means  that  for  every 
24  hours  of  operation,  4.2  man-hours  were  required  for  routine  preventive 
maintenance. 

The  corrective  maintenance  ratio  (CMR)  was  determined  by  dividing 
the  man-hours  spent  on  corrective  maintenance  by  the  total  operating 
time.  The  CMR  was  0.034.  This  meant  that  for  every  24  hours  of  operation, 
0.8  man-hours  were  required  for  corrective  maintenance. 

The  maintainability  index  (MI),  which  is  the  sum  of  PMR  and  CMR, 
was  0.209.  This  means  that  for  every  24  hours  of  operation,  5  man-hours 
were  spent  on  corrective  and  preventive  maintenance. 

The  fossil  fuel  offsets  were  9,147  BOE,  while  overall  thermal 
efficiency  for  the  HRI  was  0.49.  This  means  that  for  every  Btu  entering 
the  HRI  in  the  form  of  solid  waste,  kilowatt  hours,  and  fuel  oil,  a 
little  less  than  1/2  Btu  was  released  in  the  form  of  steam. 

Thermal  efficiency  was  determined  by  dividing  the  Btu  output  of  the 
steam  produced  by  the  total  quantity  of  solid  waste  and  fuel  oil  Btu's 
supplied  to  the  HRI.  Sixty-four  percent  of  the  Btu's  used  in  the  HRI 
facility  were  derived  from  solid  waste  and  another  24%  were  obtained 
from  waste  oil  (which  burned  at  50  gph  when  solid  waste  was  not  being 
used).  Electrical  power  provided  9%  and  the  remaining  3%  were  acquired 
from  make-up  water,  diesel  fuel,  and  other  fuel  oil  resources.  The 
electrical  power  and  diesel  fuel  data  were  extrapolated  based  on  a 
short-term  HRI  test  (Ref  13) . 

In  calculating  the  average  cost  of  steam  (Equation  A-38),  it  appears 
to  have  cost  $6.54  to  produce  1,000,000  Btu’s  of  heat.  This  equation 
took  into  account  the  cost  of  repair  and  replacement  parts,  consumable 
items  (e.g.,  water  treatment  chemicals,  fuel,  etc.)  and  labor  costs  but 
not  capital  costs.  Only  direct  labor  costs  were  considered  and  were 
based  on  an  estimate  of  $10/hr. 


CALCULATIONS 

The  calculations  for  the  various  parameters  contained  in  Table  A-1 
used  the  equations  detailed  as  follows.  Additional  manipulation  of  the 
data  was  required  to  provide  the  desired  RAM,  thermal  efficiency  (TE) , 
and  cost  parameters.  All  numbers  used  in  the  RAM  calculations  were 


obtained  directly  from  Tables  A-A  and  A-5;  energy  contents  of  the  various 
eaergy  sources  used  in  the  TE  calculations  were  obtained  from  Reference  3 
and  standard  thermodynamics  tables;  and  the  numbers  used  in  the  cost-factor 
calculations  were  obtained  from  documents  supplied  by  the  HRI  contractor 
and  affiliated  Public  Works  Departments. 


RAM  Equations 


Three  separate  values  for  reliability  (R) ,  maintainability  (MI), 
and  availability  (A  )  parameters  were  developed  to  represent  the  three 
missions  of  the  HRI.  The  following  equations  were  used  to  compute  the 
RAM  parameters  based  upon  data  extracted  from  Tables  A-A  and  A-5. 


1 .  MTBF 


where:  MTBF  =  mean  time  between  failures,  hr 

t^  =  operating  time  for  the  specific  mission,  hr 
=  number  of  failures  (see  Table  A-2) 


MTBFj 

_  A873 
28 

=  17A  hr 

(A-1) 

MTBF2 

_  A873 
■  2A 

=  203  hr 

(A-2) 

MTBFg 

_  5982 

5 

=  1196  hr 

(A-3) 

MTBMA 

t 

a 

N 

where:  MTBMA  =  mean  time  between  maintenance  actions,  hr 

t  =  operating  time  for  the  specific  mission,  hr 

3 

N  =  number  of  maintenance  actions  (see  Table  A-2) 


1196  hr 


:  mean  time  to  repair,  hr 
:  corrective  maintenance  time,  hr 
:  number  of  repairs 


289 

28 


10.3  hr 


a 


preventive  maintenance  ratio,  man-hr/hr 
operating  time ,  hr 

labor  spent  on  routine  maintenance,  man~hr 


0.175  man-hr/hr 


corrective  maintenance  ratio,  man-hr/hr 
operating  time,  hr 

labor  spent  on  corrective  maintenance,  man-hr 

166.5 


A  ^  ^ 


0.034  man-hr/hr 


where:  MI  =  nainta inability  index,  man-hr/hr 

Ht^  =  labor  spent  on  preventive  maintenance,  man-hr 
Ht^  =  labor  spent  on  corrective  maintenance,  man-hr 
t  =  operating  time,  hr 

d 


MI  = 


850.5  +  1665 


=  0.209  man-hr/ operating  hr 


(A- 16) 


Thermal  Efficiency  Equations 


The  equations  for  thensal  efficiency  utilize  the  data 
from  Table  A-5. 


TE  = 


M,-  X  h 

15  8 


_  46,453,945  x  1,185  Btu/lb  _  „ 

10  -  0.49 

11.308  X  10^”  Btu 


(A- 17) 


where:  TE  =  thermal  efficiency,  decimal 

M^^  =  steam  generated,  lb 
h^  =  enthalpy  of  steam,  Btu/lb 
=  energy  supplied  to  HRI,  Btu 


^  was  determined  by  the  addition  of  the  various  energy  resources 
LieS^directly  to  the  HRI.  Equations  A- 18  through  A-22  provide  the 


supplied  directly  to  the  HRI.  Equations  A- 18  through  A-22  provide  t 
individual  computation  of  energy  from  the  various  resources,  and 
Equation  A-23  provides  the  coaq>utation  of  simplified  form. 


H.  .=H  +H  +H  +H 
hri  sw  VO  wo  w 


(A-18) 


where:  ~  energy  supplied  to  the  HRI,  Btu 

H  =  energy  derived  from  solid  waste  and  supplied  to 
HRI ,  Btu 

H^^  =  energy  derived  from  fuel  oil  and  supplied  to  HRI,  Btu 
H^^  =  energy  derived  from  waste  oil  and  supplied  to  HRI,  Btu 
H^  =  energy  derived  from  owke-up  water,  Btu 
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1.  Energy  derived  from  solid  waste: 


«sw  =  ( 

=  (5,134  Btu/lb) (2,000  lb/ton)(7,750.36  tons) 

=  7.958  X  10^°  Btu 

where:  =  energy  from  solid  waste,  Btu 

=  higher  heating  value  of  solid  waste  (Ref  13),  Btu/lb 
^12  ~  solid  waste  supplied  to  HRI,  ton 

2.  Energy  derived  from  fuel  oil: 

«fo  =  (^o^(«20)  ( 

=  (138,810  Btu/ gal) (502  gal) 

=  6.968  X  10^  Btu 

where:  =  energy  from  fuel  oil,  Btu 

=  higher  heating  value  of  fuel  oil,  Btu/ gal 
=  fuel  oil  supplied  to  HRI,  gal 

3.  Energy  derived  from  waste  oil; 

”wo  “  ^*^wo^^”21^ 

=  (134,957  Btu/gal) (226,348  gal) 

=  3.055  X  10^°  Btu 

where:  =  energy  from  waste  oil,  Btu 

=  higher  heating  value  of  waste  oil,  Btu/gal 
M.,,  =  waste  oil  supplied  to  HRI,  gallons 


A.  Energy  derived  from  make-up  water 


H  =  (h  )(M,-)(d  ) 
w  w  17  w 


(A-22) 


=  48  Btu/lb  X  7,234,000  gal  x  8.3  Ib/gal 


=  0.288  X  10  Btu 


where:  =  energy  derived  from  make-up  water,  Btu 

=  enthalpy  of  the  make-up  water,  Btu/lb 
=  quantity  of  make-up  water,  gal 
d^  =  density  of  make-up  water,  Ib/gal 


Therefore: 


H.  .  =  7.958  X  10^°  Btu  +  0.007  x  10^®  Btu 

nri 

+  3.055  x  10^®  Btu  +  0.288  x  10^®  Btu 


=  11.308  X  10  Btu 


Fossil  Fuel  Offsets 

Fossil  fuel  offsets  were  used  to  determine  the  potential  energy 
savings  from  incinerating  solid  waste.  Fossil  fuel  offsets  were 
calculated  by  subtracting  the  quantity  of  fossil  fuels  (fuel  oil, 
electricity,  and  front-end  loader  diesel  fuel)  comsumed  by  the  HRI 
from  the  quantity  of  fossil  fuels  saved  by  the  HRI.  The  fossil  fuels 
saved  are  equal  to  the  steam  energy  produced  by  the  HRI  divided  by  boiler 
thermal  efficiency.  This  information  is  expressed  in  equations  A-24 
through  A-28. 


(A-23) 


Fossil  fuel  energy  saved: 


FF  = 


H,,  X  h 
15  s 


(A-24) 


46,453,945  lb  x  1,185  Btu/lb 
0.80 


=  6.881  X  10  Btu 
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where:  =  quantity  of  steaa  produced,  lb 

=  enthalpy  of  steaa,  Btu/lb 
TEg  =  boiler  theraal  efficiency 

2.  Energy  equivalent  of  electrical  power  supplied  to  the  HRI: 

=  (11,600)(169.31)(5982) 

=  1.175  X  10^°  Btu 

where:  E^  =  electrical  energy  supplied  to  the  HRI,  Btu 

e^  =  conversion  factor,  Btu/kW-hr 

T._  =  average  kW-hr  supplied  to  the  HRI/operating  hour, 

froa  short-tera  test  at  NS  Hayport  (Ref  13) ,  kW-hr/hr 

t  =  operating  tiae  of  the  HRI,  hr 

3.  Energy  derived  from  front-end  loader: 

”df  =  ^‘^df>(”22^  ~  (^df>  (“l2^  (A-26 

=  (58,725  Btu/ ton) (7, 750. 36  tons) 

=  0.046  X  lo'°  Btu 

where:  H^^  =  energy  from  front-end  loader  diesel  fuel,  Btu 

h^^  =  higher  heating  value  from  diesel  fuel,  estimated  value 
based  on  information  given  by  plant  personnel  and  same 
duty  cycle  as  FY81  (Ref  10),  58,725  Btu  per  ton  of  solid 
waste  (Ref  10) 

^22  =  fuel  supplied  to  front-end  loader,  not  measured,  gal 
M.,  =  solid  waste  supplied  to  HRI,  ton 


4. 


Fossil  fuel  consumed  -  HRI: 


FF„  =  H,  +  +  H.-  +  H  (A-: 

H  fo  t  df  w 

=  0.007  X  10^°  +  1.175  X  10^°  +  0.046  x  10^°  +  0.288  x  10 

=  1.576  X  10^°  Btu 


where:  FF^  =  fossil  fuels  consumed  by  the  HRI,  Btu 
=  energy  derived  from  fuel  oil,  Btu 
=  energy  derived  from  electricity,  Btu 
=  energy  derived  from  diesel  fuel,  Btu 
=  energy  of  make-up  water,  Btu 


5.  Fossil  fuel  offset: 


FFO  = 


FFb  -  FFjj 


CF 


FFO 


6.881  X  10 


10 


1.576  X  10^°  Btu 


5.8  X  10  Btu/BOE 
=  9,147  BOE 


where:  FFO  =  fossil  fuel  offsets,  BOE 

FF,,  =  fossil  fuel  used  by  the  boiler,  Btu 

O 

FF„  =  fossil  fuel  used  by  the  HRI,  Btu 
n 

C_.  =  conversion  factor,  Btu  to  BOE,  5.8  x  10^ 
u 


(A- 


Cost  Equations 

The  equations  for  cost  were  solved  using  information  from 
Tables  A-4  and  A-5. 


19,696  X  10 
5.2168  X  10^° 

0.3776  man-hr/MBtu 

=  specific  operating  man-hours,  man-hr/MBtu 
:  labor  spent  operating  the  HRI,  man-hr 
:  total  quantity  of  steam  produced,  lb 
:  enthalpy  of  the  steam,  1,185  Btu/lb 
=  energy  of  the  make-up  water  at  80°F,  Btu 

(Mt.  +  Mt  )  X  10^ 

D _ C _ 

M,c  X  h  -  H 
15  s  w 

1,017  X  10^ 

5.2818  X  10^° 

0.0195  man-hr/MBtu 

SRM  =  specific  repair  and  maintenance  man-hours, 
manhr/MBtu 

Mt^  =  labor  spent  in  preventive  maintenance,  man-br 
Mt^  =  labor  spent  in  corrective  maintenance,  man-hr 
Mj^  =  total  quantity  of  steam  produced,  lb 
h^  =  enthalpy  of  steam,  1,185  Btu/lb 

=  energy  of  make-up  water  at  80°F,  Btu 

I  =  SOM  +  SRM 


(0.3776  +  0.0195) 
0.3971  man-hr/MBtu 


STM  =  specific  total  man-hours,  man-hr/MBtu 

SOM  =  specific  operating  man-hours,  man-hr/MBtu 

SBM  =  specific  repair  and  suintenance  nun-hours, 
man-hr/MBtu 

.  _  CP  X  10^ 

’  "  M-.  X  h  -  H 

15  s  w 

$1,220  X  10^ 

5.2818  X  10^® 

=  $0.023/MBtu 

SRC  =  specific  repair  and  maintenance  cost,  $/MBtu 

CP  =  total  cost  of  parts  used  in  repairs/replacements 
and  maintenance,  $ 

h^  =  steam  enthalpy,  Btu/lb 

M^^  =  total  quantity  of  steam  produced,  lb 
=  energy  of  make-up  water,  Btu 

,  _  (CF  +  CC)(10^) 

M,,,  X  h  -  H 
15  s  w 

_  $132,892  X  10^ 

5.2818  X  lo'° 

=  $2.55/MBtu 

see  =  specific  consumable  costs,  $/MBtu 

CF  =  total  cost  of  fuel  used  (fuel  and  waste  oil,  diesel 
and  electrical  power) ,  $ 

CC  =  total  cost  of  consumable  supplies  not  included 
in  CF,  $ 


h  =  enthalpy  of  steam,  Btu/lb 


=  total  quantity  of  stean  produced,  lb 

=  energy  of  make-up  water,  Btu/lb 

The  breakdown  in  costs  and  quantities  used  for  the  14-month 
operation  is  as  follows: 


1.  Water  treatment  chemicals: 


=  (39,960  lb) ($2.60/80  lb)  =  $1,299 


PO,  = 

SO3  = 


(770.75  lb) ($50.64/100  lb)  = 

(870.5  lb) ($29.36/100  lb)  = 
Subtotal 


$256 

$17945 


2.  Electrical  power: 


1  kW-hr  =  $0.06 


E-  =  (169.31  kW/hr  x  5,982  hr)($0.06/kW) 

=  $60,769 


where  E^  =  electrical  cost,  $ 


3.  Waste  oil: 


226,348  gal  consumed  @  $0. 30/gal 

Cost  for  waste  oil  =  (226,348  gal) ($0. 30/gal) 

=  $67,904 


4.  Fuel  oil: 


502  gal  consumed  @  $1. 12/gal 

Cost  for  fuel  oil  =  (502  gal) ($1 . 12/gal) 

=  $562 


(A-34) 

(A-35) 

(A-36) 


(A-37) 


(A-38) 


(A-39) 


•  ■  •  W  •  •  ■  4  _•  •• 


5.  Diesel  fuel: 


0.181  gal/ton  (Ref  10)  x  77,500.36  tons 

1,A03  gal  consumed  @  $1.22/gal 

Cost  for  diesel  fuel  =  (1,403  gal) ($1 .22/gal) 

=  $1,712 


6.  Other  consumables  (e.g.,  hydraulic  fluid,  refractory): 


Cost  =  $0.00 


7.  Total: 

Total  cost  of  items  1  through  6  =  $132,892 


ACS  =  SRC  +  see  +  (STM  x  W) 

=  0.03  +  2.55  +  0.3971  x  10 

=  6.54/MBtu 


ere:  ACS  =  average  cost  of  steam,  $/MBtu 

SRC  -  specific  cost  of  repairs  and  maintenance,  $/HBtu 

see  =  specific  cost  of  consumables,  $/MBtu 

STM  =  specific  total  man-hours,  man-br/MBtu 

W  =  wages  (based  on  an  estimate  derived  from  Public  Works 
job  orders  of  $10/hr),  $/hr 


erational  Performance  Parameters 


The  incineration  rate  and  steam  production  were  two  parameters  that 
could  be  used  to  determine  operational  performance.  These  parameters  were 
determined  by  the  following  equations. 


IR  = 


7,750 

,8-- 


=  1.59  TPH 


(A-42) 


where:  DR  =  efficiency  of  solid  waste  weight  reduction  through 
incineration,  % 

=  solid  waste  burned  in  the  HRI,  ton* 

=  wet  ash  removed,  ton* 


From  July  1982  to  August  1983,  the  total  amount  of  solid  waste 
delivered  to  the  plant  was  5,844.83  tons.  The  total  sent  to  the  landfill 
was  1,993.73  tons.  Therefore,  the  percentage  of  landfill  reduction 
(PLR)  for  this  period  was: 


PLR  =  100  X  1  - 


(H3  *  .  H^) 

"3  *  "12 


=  100  X  1 


(233.60  +  1,738.33  +  21.80) 
233.66  +  5,611.23 


=  100  X  1 


1,993.73 

5,844.83 


=  66% 


(A-45) 


where:  PLR  =  landfill  reduction  by  weight,  % 

Mg  =  quantity  of  solid  waste  rejected  by  band,  ton* 
=  quantity  of  solid  waste  incinerated,  ton* 

=  quantity  of  fly  ash  and  slag,  ton* 

=  quantity  of  wet  ash  removed,  ton* 


The  quantity  of  waste  delivered  to  the  HRI  minus  the  quantity  of 
waste  taken  from  the  HRI  provided  a  gross  index  for  landfill  savings 
accomplished  by  incineration.  For  the  l4-montb  period,  this  number  was: 
5,844.83  -  1,993.73  =  3,851.10  tons*. 

Time  Categories 

During  the  evaluation  and  extraction  of  data,  manipulation  of  the 
reported  time  categories  was  required  to  provide  the  proper  increments 
of  time  necessary  to  compute  the  various  RAM  parameters.  This  was 
particularly  true  during  periods  of  do«mtime  when  both  corrective  and 


*For  a  16-week  period,  no  weight  information  was  provided.  Therefore,  the 
waste  delivered  during  this  period  was  not  counted  in  the  total  waste 
categories . 


w 


preventive  (routine)  maintenance  were  performed.  The  reported  data  did 
not  always  indicate  when  such  maintenance  started  and  stopped  during 
long  periods  of  shutdown.  It  was  often  isiplied  that  the  entire  24-hour 
period  was  spent  performing  both  corrective  and  preventive  maintenance. 
The  data  from  such  scenarios  were  modified  using  the  following  criteria. 
Ten  hours  out  of  each  24-hour  downtime  cycle  were  estimated  as  being 
spent  on  actual  corrective  maintenance  (t  )  and  the  remaining  14  hours 
logged  as  HRI  idle,  but  not  operational  (£  ).  The  resulting  time 
categories  are  reflected  in  Table  A-4.  This  technique  provided  the 
desired  sensitivity  to  ensure  more  realistic  RAM  data. 

During  these  lengthy  shutdowns  for  corrective  maintenance,  the 
three  shifts  performed  preventive  maintenance,  that  is,  procedures  that 
were  desirable,  but  not  required.  The  logs  reflected  this  approach  to 
preventive  maintenance  during  these  shutdown  periods.  To  correctly 
solve  the  time  equation  for  the  HRI  operation  listed  below,  the  time 
categories  could  not  overlap.  Therefore,  when  the  system  was  shutdown 
for  corrective  maintenance  and  some  preventive  maintenance  was  performed 
concurrently,  the  time  was  charged  only  to  corrective  maintenance. 

T  =  t^+t-+t  +t.  +t  =  10,014  hr  (A-46) 

abcde 


where:  T  =  14-month  HRI  monitoring  period  (not  including  IS  days 
of  HRI  overhaul  time) 

t  =  operating  period,  hr 

3 

tj^  =  calendar  time  spent  on  routine  maintenance,  hr 
t^  =  calendar  time  spent  on  repairs/replacement,  hr 
tj  =  idle  time,  HRI  operational,  hr 
t^  =  idle  time,  HRI  not  operational,  hr 


A-20 


Table  A-1.  NS  Mayport  HRI  RAM,  Thermal  Efficiency,  and  Cost 


Parameter 

Value 

1 .  Mean  time  between  failures  (MTBF) ,  hr 

a.  Incinerate  and  produce  steam  with  solid 

174 

waste  (MTBFj) 

b.  Incinerate  solid  waste  (MTBF^) 

203 

c.  Produce  steam  without  solid  waste  (MTBF^) 

1,196 

2.  Mean  time  between  maintenance  actions 

(MTBMA),  hr 

a.  Incinerate  and  produce  steam  with  solid 

143 

waste  (MTBMA j) 

b.  Incinerate  solid  waste  (MTBMA^) 

162 

c.  Produce  steam  without  solid  waste  (MTBMA^) 

1,196 

3.  Reliability  (R) 

a.  Incinerate  and  produce  steam  with  solid 

0.502 

waste  (Rj) 

b.  Incinerate  solid  waste  (R^) 

0.554 

c.  Produce  steam  without  solid  waste  (R^) 

0.905 

4.  Operational  availability  (A^) 

a.  Incinerate  and  produce  steam  with  solid 

0.762 

waste  (A  ,) 
ol 

b.  Incinerate  solid  waste  (A  .) 

oz 

0.762 

c.  Produce  steam  without  solid  waste  (A  .) 

OJ 

0.875 

5.  Mean  time  to  repair  (MTTR),  hr 

10.3 

6.  Preventive  maintenance  ratio  (PUR), 

0.175 

man-hr/operating  hr 

7.  Corrective  maintenance  ratio  (CMR), 

0.034 

man-hr/operating  hr 
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Table  A-1.  Continued 


Parameter 

Value 

8.  Maintainability  index  (MI), 
man-hr/operating  hr 

0.209 

9.  Thermal  efficiency  (TE) ,  % 

0.49 

10.  Fossil  fuel  offsets  (FFO),  BOE 

9,147 

11.  Specific  operating  laan-hours  (SOM), 
man-hr/MBtu 

0.3776 

12.  Specific  repair  and  maintenance  (SRM), 
man-hr/MBtu 

0.0195 

13.  Specific  total  man-hours  (STM),  man-hr/MBtu 

0.3971 

14.  Specific  repair  and  maintenance  cost  (SRC), 

$/MBtu 

0.023 

15.  Specific  consumable  cost  (SCC),  $/MBtu 

2.55 

16.  Average  cost  of  steam  (ACS),  $/MBtu 

6.54 

Table  A-2.  Summary  of  NS  Mayport  HRI  Maintenance  Action  Data 


Maintenance  Action 

Item 

Failures 

Other 

Total 

Equipment  Affected 

1. 

Front-end  loader,  overhead  crane, 
hopper,  feed  ram 

22 

3 

25 

2. 

Incinerator 

2 

0 

2 

3. 

Ash  conveyor 

0 

3 

3 

4. 

Boiler,  de-aerator,  I.D.  fan 

_4 

_0 

_4 

Totals 

28 

6 

34 

Function  Affected 

5. 

Incinerate  and  produce  steam  with 
solid  waste  (requires  1  through  4 
above) 

28 

6 

34 

6. 

Incinerate  solid  waste  (requires  1 
through  3  above) 

24 

6 

30 

7. 

Produce  steam  without  solid  waste 
requires  2  and  4  above) 

S*’ 

0 

5 

intenance  actions  equal  failures  plus  others, 
oker  failure  removed  from  item  2  above  for  this  function. 


Table  A-3.  Summary  of  NS  Mayport  HRI  Data 


Five-Quarter  FY83  Data  Base 

Value 

Time  Catesory 

1. 

Calendar  time  (incinerator  and  boiler)  in  operation, 
Mission  3  time 

5,982  hr 

2. 

Calendar  time  overhead  crane,  ash  conveyor,  and 
feed  ram  in  operation 

4,873  hr 

3. 

Man-hours  spent  in  operation 

19,696  hr 

4. 

Calendar  time  in  corrective  maintenance 
(Mission  3  time) 

289  hr  (34) 

5. 

Man-hours  spent  in  corrective  maintenance 

166  hr 

6. 

Calendar  time  in  routine  maintenance 

400  hr 

7. 

Man-hours  spent  in  routine  maintenance 

850  hr 

8. 

Time  HRI  idle,  but  operational  (Mission  3  time) 

3,623  hr  (3,175) 

9. 

Time  HRI  idle,  not  operational  (Mission  3  time) 

829  hr  (422) 

Fuel,  Water,  Waste,  Steam 

10. 

Waste  oil  consumed 

226,348  gal 

11. 

Fuel  oil  consumed 

502  gal 

12. 

Make-up  water  consumed 

7,234,000  gal 

13. 

Blowdown 

- 

14. 

Solid  waste  incinerated 

7,750  tons 

15. 

Solid  waste  rejected  (hand-picked) 

234  tons* 

16. 

Wet  ash 

1,738  tons* 

17. 

Fly  ash 

22  tons* 

18. 

Steam  produced 

46,453,945  lb 

*For  a  l6-week  period,  these  values  were  not  recorded;  therefore,  a 
reduced  incinerated  solid  waste  total  was  used  in  the  data  analysis. 
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Waste  Fuel,  Make-up  Water,  Solid  Ash,  Fly  Ash,  Steaoi  Produced  Virgin  Oil 


reported  for  part  of  period 


Table  A-6.  Summary  of  HRI  Problem  Events 


Date 

Class 

Subsystem 

(Code) 

Failed  Equipment  or  Part 

6/29/82 

Failure 

Incinerator 

Rod  seal  on  stoker  grate  failed 

7/16/82 

Failure 

Incinerator 

Crack  in  hopper  throat 

7/27/82 

Maintenance 

Ash 

Ash  chain  jumped;  bent  flights 

8/26/82 

Failure 

Boiler 

I.D.  fan  motor  burnt  out 

Failure 

Receiving 

Ram  cylinder  rod  seal  failed 

9/7/82 

Failure 

Receiving 

Crane  cable  broke 

9/14/82 

Failure 

Receiving 

Ram  cylinder  rod  seal  failed 

9/15/82 

Maintenance 

Ash 

Ash  chain  off  sprockets 

9/21/82 

Failure 

Receiving 

Front-end  loader  broke 

10/5/82 

Failure 

Receiving 

Front-end  loader  broke 

10/15/82 

Failure 

Boiler 

Feedwater  pump  motor  burned  out 

10/22/82 

Failure 

Receiving 

Overhead  crane  broke 

11/11/82 

Failure 

Receiving 

Ram  cylinder  rod  seal  failed 

11/11/82 

Failure 

Boiler 

Check  valve  failed,  low  water 
in  boiler;  damaged  tubes 

11/24/82 

Failure 

Receiving 

Front-end  loader  broke 

11/29/82 

Maintenance 

Receiving 

Overhead  crane  cable  jammed 

12/8/82 

Failure 

Receiving 

Overhead  crane  bi  ke 

12/10/82 

Maintenance 

Ash 

Ash  chain  off  sprockets 

1/11/83 

Failure 

Receiving 

Overhead  crane  broke 

1/25/83 

Failure 

Receiving 

Ram  cylinder  rod  seal  failed 

Table  A-6 .  Continued 


Date 

Class 

Subsystem 

(Code) 

Failed  Equipment  or  Part 

2/8/83 

Maintenance 

Receiving 

Replaced  faulty  ram  cylinder 

2/11/83 

Failure 

Receiving 

Ruptured  "0”  ring  in  ram 
cylinder 

2/16/83 

Maintenance 

Receiving 

Repairs  made  on  ram  cylinder 

3/U/83 

Failure 

Receiving 

Overhead  crane  broke 

3/17/83 

Failure 

Receiving 

Rod  seal  on  ram  cylinder  failed 

3/18/83 

Failure 

Boiler 

I.D.  fan  bearings  replaced 

3/30/83 

Failure 

Receiving 

Front-end  loader  broken 

4/5/83 

Failure 

Receiving 

Ram  cylinder  rod  Seal  failed 

4/27/83 

Failure 

Receiving 

Electrical  coil  in  ^rane  burned 
out 

5/5/83 

Failure 

Receiving 

Ram  cylinder  rod  seal  failed 

6/1/83 

Failure 

Receiving 

Ram  cylinder  rod  seal  failed 

6/17/83 

Failure 

Receiving 

Ram  cylinder  rod  seal  failed 

7/14/83 

Failure 

Receiving 

Ram  cylinder  rod  seal  failed 

7/20/83 

Failure 

Receiving 

Ram  cylinder  rod  seal  failed 

A-28 
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Table  A-7.  Parameters  for  Operational  and  Solid  Waste  Disposal 


Appendix  B 

OPERATIONAL  PARAMETER  CALCULATIONS 


STEAM  PRODUCTION 

Steam  per  gallon  of  waste  and  fuel  oils: 

Steam  produced  by  waste  and  fuel  oils: 

So  =  I(«20^(‘‘fo^  ^  TE„o/^ 

=  [(1,820  gal)(138,810  Btu/gal)  +  (520,239  gal) 

(134,957  Btu/gal)]  x  0.63/1,185 

=  37,461,091  pounds  of  steam  from  oil 

where:  S^  =  steam  produced  by  waste  and  fuel  oils,  lb 

M^q  -  quantity  of  fuel  oil  consumed,  gal 

=  higher  heating  value  of  fuel  oil,  Btu/gal 

=  quantity  of  waste  oil  consumed,  gal 

h  =  higher  heating  value  of  waste  oil,  Btu/gal 
wo 

TE  =  efficiency  of  oil  incineration 
wo 

h  =  enthalpy  of  steam,  Btu/lb 
s 

Steam/ gallon: 


R 


o 


So  _  37,461,091 

M^O  +  ^21  ”  *  520,239 


72  lb  steam/gal 


where:  R  =  rate  of  steam  production  from  oil,  Ib/gal 

o 

S^  =  steam  produced  by  waste  and  fuel  oils,  lb 


^20  ~  fuel  oil  consumed,  gal 

=  quantity  of  waste  oil  consumed,  gal 

Steam  produced  by  solid  waste: 

Remove  steam  from  oil  and  make-up  water  from  the  total  steam  produced: 


S 

sw 


M 


15 


-  S 


H  /h 
w  s 


=  101,297,833  -  37,461,091  -  0.628  x  10^°/1,185 

=  58,537,164  lb  steam 


where:  S^^  =  steam  produced  by  solid  waste,  lb 
=  total  quantity  of  steam,  lb 
=  steam  produced  by  waste  and  fuel  oil,  lb 
=  energy  from  make-up  water,  Btu 
h  =  enthalpy  of  steam,  Btu/lb 

Average  steam  per  ton  of  waste: 


R 


sw 


®sw  _  58,537,164  lb 

Mj2  ~  16,372.72  tons 


3,500  Ib/ton  of  steam 


where:  R  =  rate  of  steam  production  from  waste,  Ib/ton 
8W 

S  =  steam  produced  by  solid  waste,  lb 

8W 

~  quantity  of  waste  incinerated,  tons 


SOLID  WASTE  THERMAL  EFFICIENCY  CALCULATIONS 

Remove  steam  energy  produced  by  waste  and  fuel  oil  from  the  total 
steam  energy  produced: 


Waste  oil  energy: 


=  520,239  gal  x  134,957  Btu/gal  x  0,63 
=  4.423  X  10^^  Btu  of  stean  from  waste  oil 


where:  E  =  steam  energy  from  waste  oil,  Btu 

wo 

=  quantity  of  waste  oil  consumed  (Table  2),  gal 

=  heating  value  of  waste  oil,  Btu/gal 

TE  =  efficiency  of  waste  oil  incineration 
wo 

Fuel  oil  energy: 


E,  =  M--  X  h-  X  TE 

fo  20  fo  wo 

=  1,820  gal  X  138,810  Btu/gal  x  0.63 

=  0.016  X  10^^  Btu  of  steam  from  fuel  oil 

where:  E^^  =  steam  energy  from  fuel  oil,  Btu 

^20  ~  9“®Qtity  of  fuel  oil  consumed  (Table  2),  gal 

h^^  -  heating  value  of  fuel  oil,  Btu/gal 

TE  =  efficiency  of  fuel  oil  incineration 
wo  ^ 

Make-up  water  energy: 

H  =M,,xdxh 
w  17  w  w 

=  15,775,550  gal  x  8.3  Ib/gal  x  48  Btu/gal 

=  0.628  x  10^°  Btu 

where:  =  make-up  water  energy,  Btu 

Mj^  =  make-up  water  quantity,  gal 
d^  =  make-up  water  density,  lb/ gal 


h  =  make-up  water  enthalpy,  Btu/ lb 


Subtract  oil  energy  from  total  energy: 


sw 


M,,  X  h 

15  s 


H  -  E  -  E- 
w  wo  fo 


=  101,297,833  lb  x  1,185  -  0.628  x  10^°  Btu 

-  4.423  X  10^®  Btu  -  0.016  x  10^®  Btu 


=  6.936  X  10^^  Btu  from  solid  waste 


where:  E  =  steam  energy  from  solid  waste,  Btu 
sw 

=  quantity  of  steam  produced,  lb 

=  enthalpy  of  steam,  Btu/lb 

H  =  energy  of  make-up  water,  Btu 
w 

E  =  steam  energy  from  waste  oil,  Btu 
wo 

E,  =  steam  energy  from  fuel  oil,  Btu 
fo 


Thermal  efficiency  of  solid  waste  incineration: 


TE 


sw 


sw 


6.936  X  10^®  Btu  _ 

5,134  Btu/lb  X  2,000  Ib/ton  x  16,372.72  tons 


0.41 


where:  TE  =  efficiency  of  solid  waste  incineration 
sw 

E  =  steam  energy  from  solid  waste,  Btu 
sw 

H  =  energy  from  solid  waste  incinerated,  Btu 
sw 


ANNUAL  ENERGY  COST  SAVINGS  CALCULATIONS 
Projected  steam  energy  produced  per  year: 


®HRI 


l(«„  X  FI!„  t  X  IR)  X  ^  X  FR^  X  R_,l  X 

((72  Ib/gal  X  10  gal/hr  +  3,800  Ib/ton  x  1.75  ton/hr) 

X  81.4  hr/wk  +7.4  hr/wk  x  50  gal/hr  x  72  Ib/gal)  x  52  wk/yr 
X  1,185  +  1  X  10^  Btu/MBtu 
38,610  MBtu/yr 

B-4 


where :  S, 


=  energy  from  steam  produced  by  the  HRI ,  MBtu 


HRI 

R^  =  rate  of  steam  produced  from  oil,  lb/ gal 

FR^  =  nominal  oil  firing  rate,  gal/hr 

R^^  =  rate  of  steam  produced  from  solid  waste,  lb/ ton 

IR  =  rate  of  waste  incineration,  ton/hr 

=  average  solid  waste  incineration  time,  hr/wk 

=  average  waste  and  fuel  oil  incineration  time,  hr/wk 

FR  =  maximum  oil  firing  rate,  gal/hr 
on 

h^  =  steam  enthalpy,  Btu/lb 

Savings : 

Annual  savings  =  (PC  -  ACS) 

=  38,610  MBtu/hr  ($8.70/MBtu  -  $6.05/MBtu) 

=  $102,320/yr 

where:  =  energy  from  steam  produced  by  the  HRI,  MBtu 

PC  =  average  cost  of  steam  produced  at  the  activity,  $/MBtu 
ACS  =  average  cost  of  HRI  produced  steam,  $/MBtu 


CALCULATIONS  FOR  EXPECTED  VALUES  FOR  MISSION  RELIABILITY 

The  expected  values  for  mission  reliability  were  calculated  based 
on  Table  A  of  the  reliability  analysis  of  the  NAS  Mayport  HRI  (Ref  5). 
The  mission  calculations  were  made  using  the  predicted  failure  rates  for 
each  subsystem  which  was  a  part  of  the  mission. 

The  failure  rates  and  reliability  for  each  subsystem  are  summarized 
in  Table  B-1.  The  mission  reliabilities  were  obtained  by  multiplying 
together  the  reliability  for  each  appropriate  subsystem.  The  total 
failures  were  obtained  by  adding  the  appropriate  subsystem  failures. 

MTBF  was  calculated  by  dividing  the  mission  time  (6,2A0  hr/yr)  by  the 
total  failures.  These  calculations  are  summarized  in  Table  B-2. 


Subsystem  Data  for  Reliability  Calculations 


Appendix  C 
DATASHEETS 


The  tables  (Tables  1  through  7)*  in  this  appendix  are  copies  of  the 
used  for  data  gathering  on  operation  and  maintenance  of  the 
HRI  at  NS  Hayport  (Ref  9). 


♦These  table  numbers  had  not  been  changed  to  the  numbering  system  of 
this  document. 


TABLE  3 


If  during  operation  of  the  HRI  the  BRI  was  operated  only  on 
waste  or  virgin  oil,  and  no  solid  waste  was  delivered  to  the 
hopper  for  any  reason,  then  fill-in  the  following: 

PAGE  NUMBER: _ 

TIME  WHEN  WASTE  RAM  WAS  TURNED  OFF:  _ 

(Hr.&  Mts.;  AM/PM) 

DATE  WHEN  WASTE  RAM  WAS  TURNED  OFF:  _ 

(Mo./Day/Yr) 

TIME  WHEN  WASTE  RAM  WAS  TURNED  ON:  _ 

(Hr.&  Mts;  AM/PM) 

DATE  WHEN  WASTE  RAM  WAS  TURNED  ON  _ 

(Mo./Day/Yr) 

COMMENTS 

(Please  feel  free  to  note  any  unusual  observation  during  operation 
of  the  HRI.  If  additional  sheets  are  needed  for  the  description, 
number  the  sheets  in  numerical  order  to  permit  CEL  to  ensure  that  the 
correct  order  is  maintained.) 


TABLE  4 


After  Each  Shutdown  (when  I.D.  Fan  has  been  turned  off) 


PAGE  NUMBER: _ 

Number  of  Manshifts  of  contractor  personnel  used 
to  operate  the  HRI,  including  front-end  loader:  _ 

Number  of  Manhours  of  Public  Works  personnel  used 
to  operate  or  monitor  the  HRI  while  it  is  operating 

(if  any)  : . . 

(DO  NOT  INCLUDE  TIME  REQUIRED  TO  GATHER  AND  RECORD  DATA  FOR 
CEL'S  LONG  RANGE  MONITORING  OF  THE  HRI) 


Item  Description 

Reading 

No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 


IS. 


I 


DATE  (Mo/Day/Yr)  . 

TIME  SHUTDOWN  (Hr.  8  Mts;  AM/PM) 
(When  the  I.D.  Fan  is  turned  off) 


SOLID  WASTE  ACCUMULATOR  READING  . 

I.D.  FAN  HOURMETER  READING  . 

ELECTRICAL  POWER  METER  READING  . 

STEAM  FLOW  TOTALIZER  READING  . 

WASTE  OIL,  BURNER  NO.  1  READING  . 

WASTE  OIL,  BURNER  NO.  2  READING  . 

VIRGIN  OIL,  BURNER  NO.  1  READING  _ 

VIRGIN  OIL,  BURNER  NO.  2  READING  _ 

MAXEUP  WATER  FLOWMETER  READING  #1  ... 
MAKEUP  WATER  FLOWMETER  READING  #2  . . . 
CONTINUOUS  BLOWDOWN  TOTALIZER  READING 


CONSUMABLE  SUPPLIES  USED  DURING  HRI  OPERATION: 


a)  Amount  of  salt  used 

b)  Amount  of  PO4  used 

c)  Amount  of  SO3  used 

d)  Others  (Describe) 


lbs 


CAUSE  OF  SHl/TDOWN  (Check  ONE) : 


Routine  Maintenance  (Use  Table  5) 
Mai function/ component  replacement 
Other  (Use  Table  7) 


(Use  Table  6) 


TABLE  5 


Shutdown  for  Scheduled  Routine  Maintenance 


1.  PAGE  NUMBER: _ 

2.  TIME  MAINTENANCE  STARTED  (Hrs.  §  Mts;  AM/P!^ 

3.  MANHOURS  OF  CONTRACTOR  PERSONNEL  SPENT 

FOR  ROUTINE  MAINTENANCE  (Hrs.  §  Mts.) . : 

4.  MANHOURS  OF  PUBLIC  WORKS  PERSONNEL  SPENT 

FOR  ROUTINE  MAINTENANCE  (Hrs.  S  Mts.) . : 

5.  TIME  MAINTENANCE  COMPLETED 

(Hrs.  §  Mts;  AM/PM) . : 

NOTES 


1.  Time  spent  during  maintenance  while  the  HRI  is  operating  does 
not  count. 

2.  If  routine  maintenance  is  carried  out  while  the  HRI  is  shut  down 
because  it  is  malfunctioning  or  if  it  requires  component  replace¬ 
ment,  or  it  is  shut  down  for  any  other  reason,  then  this  page  MUST 
be  filled  out  as  if  the  shutdown  was  for  routine  maintenance.  Of 
course,  an  additional  sheet  (Table  6  or  Table  7)  will  precede  this 
sheet  under  such  circumstances. 

3.  Do  NOT  include  time  spent  in  meals,  coffee  breaks,  waiting  periods 
for  supplies  to  arrive  at  the  HRI,  or  any  other  reason  not  directly 
related  to  routine  maintenance. 

4.  INCLUDE  time  spent  cleaning  the  pit,  hearth,  or  floors,  etc. 

COMMENTS: 

(Describe  specific  major  items  of  routine  maintenance  carried  out. 

A  short  description  like  floors  cleaned,  pit  cleaned,  hearth  cleaned, 

boiler  tubes  punched,  boiler  inspected,  etc.,  will  suffice) 


TABLE  6 


ShutdowTi  Caused  by  Malfunction  and/or  A  Need  to  Replace  Component 

1.  PAGE  NUMBER: _ 

2.  Explain  clearly  as  to  the  nature  of  the  malfunction.  Use  additional 
sheets  if  necessary,  and  number  them  in  numerical  order. 


3.  Cause  of  the  breakdovm,  if  it  can  be  identified. 


4.  TIME  REPAIR/ COMPONENT  REPLACEMENT  STARTED: _ 

(Hrs.  §  Mts.) 

5.  DATE  REPAIR/COMPONENT  REPLACEMENT  STARTED: _ 

(Day/Mo. /Yr) 

6.  TIME  REPAIR/ COMPONENT  REPLACEMENT  COMPLETED: _ 

(Hrs.  $  Mts.) 

7.  DATE  REPAIR/ COMPONENT  REPUCEMENT  COMPLETED: 

(Day/Mo. /Yr) 

8.  CONTRACTOR  MANHOURS  SPENT  IN  REPAIR/REPLACEMENT: _ 

9.  PUBLIC  WORKS  MANHOURS  SPENT  IN  REPAIRS/REPLACEMENT: _ 

LO.  LIST  REPLACEMENT  PARTS  NEEDED  AND  COST  OF  EACH  OF  THESE  PARTS, 
SEPARATELY,  TO  THE  NEAREST  DOLLAR. 


LI.  LIST  CONSUMABLES  NEEDED  AND  TOE  COST  OF  EACH  CONSUMABLE, 
SEPARATELY,  TO  TOE  NEAREST  DOLLAR. 


NOTES:  1)  Do  NOT  include  rest  time  or  meal  breaks  in  items  889. 

2)  In  items  4-9,  do  NOT  include  time  spent  in  procuring  the 
replacement  item,  or  cooling  the  HRI  to  permit  working  on 


TABLE  7 


Shutdown  caused  by  Reasons  Other  than  Routine  Maintenance  or 
Mai function/ Component  Replacement 

PAGE  NUMBER: _ 

Describe  the  reason  for  the  shutdown.  For  instance,  steam  not  required 
by  the  base;  solid  waste  not  available;  waste  oil  not  available;  virgin 
oil  not  available;  shutdown  because  of  holidays  or  vacation  time  for 
personnel;  weekend  shutdown,  etc. 


Was  routine  maintenance  carried  out  while  the  facility  was  shut  down? 
If  it  was,  use  Table  5  and  complete  the  required  information  on  the 
sheet.  Number  it  in  numerical  order  after  this  page,  so  that  routine 
maintenance  during  idle  time  could  be  identified. 


DISTRIBUTION  LIST 


AF  SM/ALC/DEEEN  (J.  Pcsiillo)  McClellan  AFB,  CA 

AF  ENERGY  LIAISON  OFF-SERI  OFESC/OL-N  (Capt  B  ToRH;it)  Golden  CO 

AFB  82ABG/DEMC.  Williams  AZ;  ABG/DEE  (F.  Nelhers),  Goodfcilow  AFB  TX;  AF  Tech  Office  (Mgt  & 
Ops),  Tyndall,  FL,  AFESC/TST,  Tyndall  FL;  AUL/LSE  63-46.“?.  Maxwell  AL:  MO  MAC  DEEE.  Scotl.  II; 

HO  Tactical  Air  Cmd/DEMM  (.Schmidt)  Langley.  VA;  SAMSO/MNND,  Norton  AFB  CA;  Samso'Dec  (Sauer) 
Vandenburg,  CA;  Stinfo  Library,  Offutt  NE;  Wright- Patterson.  Energy  Conversion.  Dayton.  OH 
AFESC  DEB.  Tyndall.  FL 

ARMY  ARRADCOM.  Dover,  NJ;  BMDSC-RE  (H  Mc<'lellan)  Huntsville  AL;  Contracts  -  Facs  Engr 
Directorate.  Fort  Ord.  CA;  DAEN-CWE-M,  Washington  DC:  DAEN-MPE-D  Washington  DC: 

DAEN-MPR.  Chief  of  Engrs  Sol  Therm  Sol  Htg  &  Cool  Washington;  DAEN-MPU.  Washington  DC; 
ERADCOM  Tech  Supp  Dir.  (DELSD-L)  Ft.  Monmouth,  NJ;  Engr  District  (Memphis)  Library.  Memphis 
TN;  Natick  R&D  Command  (Kwoh  Hu)  Natick  MA:  Tech.  Ref.  Div..  Fort  Huachuca.  AZ 
ARMY  -  CERL  Library.  Champaign  IL 

ARMY  CORPS  OF  ENGINEERS  MRD-Eng.  Div.,  Omaha  NE;  Seattle  Dist.  Library.  Seattle  WA 
ARMY  CRREL  G.  Phetteplace  Hanover.  NH 

ARMY  ENG  DIV  HNDED-CS.  Huntsville  AL;  HNDED-FD,  Huntsville.  AL 
ARMY  ENGR  DIST.  Library,  Portland  OR 

ARMY  ENVIRON.  HYGIENE  AGCY  Dir  Env  Oual  Aberdeen  Proving  Ground  MD:  HSE-EW  Water  Oual 
Eng  Div  Aberdeen  Prov  Grnd  MD;  HSE-RP-HG/Pcst  Coord,  Arberdeen  Proving  Ground.  MD;  Librarian, 
Aberdeen  Proving  Ground  MD 

ARMY  MATERIALS  &  MECHANICS  RESEARCH  CENTER  Dr.  Lenoe.  Watertown  MA 

ARMY  MISSILE  R&D  CMD  SCI  Info  Cen  (DOC)  Redstone  Arsenal.  AL 

ARMY  MTMC  Trans  Engr  Agency  MTT-CE.  Newport  News.  VA 

ASO  PWD  (ENS  M  W  Davis),  Pliildadelphia.  PA 

BUMED  Security  Offr,  Washington  DC 

BUREAU  OF  RECLAMATION  Code  L‘il2  (C.  Selander)  Denver  CO 
CINCLANT  CIV  ENGR  SUPP  PLANS  OFFR  NORFOLK.  VA 
CINCPAC  Fac  Engrng  Div  (J44)  Makalapa.  HI 
COMNAVRESFOR  Code  473,  New  Orleans,  LA 

CNM  Code  MAT-(M.  Washington.  DC;  Code  MAT-08E.  Washington.  DC;  NMAT  -  044.  Washington  DC 
CNO  Code  NOP-964.  Washington  DC;  Code  OP  087  Washington  DC:  Code  OP-413  Wash.  DC;  Code  OPNAV 
OOB24  (H);  OP-098.  Washington.  DC;  OP087J.  Washington.  DC 
COMFLEACr,  OKINAWA  PWD  -  Engr  Div,  Sasebo.  Japan;  PWO.  Kadena.  Okinawa.  PWO.  Sasebo.  Japan 
COMNAVMARIANAS  Code  N4.  Guam 
COMOCEANSYSLANT  PW-FAC  MGMNT  Off  Norfolk.  VA 
COMOCEANSYSPAC  SCE.  Pearl  Harbor  HI 
COMSUBDEVGRUONE  Operations  Offr.  San  Diego,  CA 

DEFFUELSUPPCEN  DFSC-OWE  (Term  Engrng)  Alexandria.  VA;  DFSC-OWE.  Alexandria  VA 
DOD  Staff  Spec.  Chem.  Tech.  Washington  DC 

DOE  Div  Ocean  Energy  Sys  Cons/Solar  Energy  Wash  DC;  INEL  Tech.  Lib.  (Reports  Section).  Idaho  Falls,  ID; 

OPS  OFF  (Capt  WJ  Barrattino)  Albuquerque  NM 
DTIC  Defense  Technical  Info  Ctr/Alexandria.  VA 

DTNSRDC  Code  4111  (R.  Gicrich),  Bethesda  MD;  Code  42.  Bethesda  MD 
DTNSRDC  Code  522  (Library).  Annapolis  MD 

ENVIRONMENTAL  PROTECTION  AGENCY  Reg.  Ill  Library.  Philadelphia  PA:  Reg  VIII.  8M-ASL. 

Denver  CO 

FLTCOMBATTRACENLANT  PWO.  Virginia  Bch  VA 
GIDEP  OIC.  Corona.  CA 

GSA  Assist  Comm  Des  &  Cnst  (FAIA)  D  R  Dibner  Washington.  DC  ;  Off  of  Des  &  Const-PCDP  (D  Eakin) 
Washington,  DC 

KWAJALEIN  MISRAN  BMDSC-RKL-C 

LIBRARY  OF  CONGRESS  Washington,  DC  (Sciences  &  Tech  Div) 

MARINE  CORPS  BASE  Code  406.  Camp  Lcjeunc.  NC;  M  &  R  Division,  Camp  Lcjcunc  NC;  MainI  Off  Camp 
Pendleton,  CA;  PWD  -  Maint.  Control  Div.  Camp  Butler.  Kawasaki.  Japan;  PWO  Camp  Lejeune  NC; 

PWO,  Camp  Pendleton  CA;  PWO,  Camp  S.  D.  Butler.  Kawasaki  Japan 
MARINE  CORPS  HOS  Code  LFF-2,  Washington  DC 

MCAS  Facil.  Engr.  Div.  Cherry  Point  NC:  CO,  Kaneohe  Bay  HI;  CVhIc  S4.  Ouantieo  VA;  Facs  Maint  Dept  - 
Operations  Div.  Cherry  Point;  PWD  -  Utilities  Div.  Iwakuni.  Japan;  PWO.  Iwakuni.  Japan;  PWO.  Yuma 
AZ 

MCDEC  M&L  Div  Ouantieo  VA;  NSAP  REP.  Ouantieo  VA 

MCLB  B520,  Barstow  CA;  Maintenance  Officer.  Barstow.  CA;  PWO.  Barslow  CA 

MCRD  SCE.  San  Diego  CA 


MILITARY  SEALIFT  COMMAND  Washington  DC 
NAF  PWD  -  Engr  Div,  Atsugi.  Japan;  PWO.  Atsugi  Japan 
NALF  OINC,  San  Diego.  CA 

NARF  Code  100,  Cherry  Point,  NC;  Code  612,  Jax.  FL:  Code  640.  Pensacola  FL;  SCE  Norfolk,  VA 
NAS  CO.  Guantanamo  Bay  Cuba;  Code  114,  Alameda  CA;  Code  183  (Fac.  Plan  BR  MGR);  Code  187, 
Jacksonville  FL;  Code  18700,  Brunswick  ME;  Code  18U  (ENS  P.J.  Hickey).  Corpus  Christ)  IX;  Code  70. 
Atlanta,  Marietta  GA;  Code  8E,  Patuxent  Riv..  MD;  Dir  of  Engrng.  PWD.  Corpus  Christ).  TX 
NAVSURFWPNCEN  R-15  (Dr.  J.  Ward)  White  Oak  Lab  Silver  Spring  MD 
NAVAIRSYSCOM  PWD  Code  8P  (Grover)  Patuxent  River.  MD 

NAS  Lakehurst,  NJ;  Lead,  Chief.  Petty  Offr,  PW/Self  Help  Div.  Becvillc  TX;  PW  (J.  Maguire).  Corpus  Christi 
TX;  PWD  -  Engr  Div  Dir.  Millington,  TN;  PWD  -  Engr  Div.  Oak  Harbor.  WA;  PWD  ■  Maint.  Control  Dir. 
Millington,  TN;  PWD  Maint.  Cont.  Dir.,  Fallon  NV;  PWD  Maim.  Div..  New  Orleans.  Belle  Chassc  LA; 
PWD.  Maintenance  Control  Dir.,  Bermuda;  PWD.  Willow  Grove  PA;  PWO  Belle  Chassc.  LA;  PWO  Chase 
Field  Beeville.  TX;  PWO  Key  West  FL;  PWO  Lakehurst.  NJ;  PWO  Sigonella  Sicily;  PWO  Whiting  Fid. 
Milton  FL;  PWO.  Dallas  TX;  PWO,  Glenview  IL;  PWO.  Kingsville  TX.  PWO.  Millington  IN;  PWO. 
Miramar.  San  Diego  CA;  SCE  Norfolk.  VA;  SCE,  Barbers  Point  HI;  SCE.  Cub)  Point,  R.P 
NATL  RESEARCH  COUNCIL  Naval  Studies  Board,  Washington  DC 
NAVACT  PWO,  London  UK 
NAVACTDET  PWO,  Holy  Lock  UK 
NAVAEROSPREGMEDCEN  SCE,  Pensacola  FL 

NAVAIRDEVCEN  Chmielewski,  Warminster,  PA;  PWD,  Engr  Div  Mgr,  Warminster.  PA 
NAVAIRPROPTESTCEN  CO,  Trenton,  NJ 

NAVAIRTESTCEN  PATUXENT  RIVER  PWD  (F  McGrath).  Patuxent  Riv  .MD 
NAVAVIONICFAC  PW  Div  Indianapolis,  IN;  PWD  Deputy  Dir.  D/7(ll.  Indianapolis.  IN 
NAVCOASTSYSCEN  CO,  Panama  City  FL;  Code  423  Panama  City,  FL;  Code  715  (J  Ouirk)  Panama  City.  FL; 
Library  Panama  City,  FL;  PWO  Panama  City.  FL 

NAVCOMMAREAMSTRSTA  Maim  Control  Div..  Wahiawa.  HI;  PWO.  Norfolk  VA;  SCE  Unit  1  Naples  Italy; 
SCE.  Wahiawa  HI 

NAVCOMMSTA  Code  4(l|  Nea  Makri,  Greece;  PWD  -  Maint  Control  Div.  Diego  Garcia  Is.;  PWO.  Exmouth. 
Australia;  SCE,  Balboa.  CZ 

NAVCONSTRACEN  Code  (KIU15.  Port  Hueneme  CA;  Curriculum/lnstr.  Stds  Offr.  Gulfport  MS 

NAVEDTRAPRODEVCEN  Technical  Library.  Pensacola,  FL 

NAVEDUTRACEN  Engr  Dept  (Code  42)  Newport.  RI 

NAVENENVSA  CO,  Port  Hueneme.  CA;  Code  1 1  Port  Hueneme.  CA 

NAVENVIRHLTHCEN  CO,  NAVSTA  Norfolk.  VA 

NAVEODTECHCEN  Code  605,  Indian  Head  MD 

NAVFAC  PWO.  Brawdy  Wales  UK;  PWO,  Centerville  Bch.  Ferndale  CA;  PWO.  Point  Sur.  Big  Sur  CA 
NAVFACENGCOM  Alexandria,  VA;  Code  03  Alexandria.  VA;  Code  ().3T  (Essoglou)  Alexandria.  VA;  Code 
04M,  Alexandria.  VA;  Code  04BA,  Alexandria.  VA;  Code  04TIB  (Bloom),  Alexandria.  VA;  Code  04A1 
Alexandria.  VA;  Code  04B3  Alexandria,  VA;  Code  05IA  Alexandria.  VA;  Code  09M,54.  Tech  Lib. 
Alexandria.  VA;  Code  1(K),  Alexandria,  VA;  Code  1113,  Alexandria,  VA;  Code  II  IB  (Hanneman). 
Alexandria.  VA;  Code  082,  Alexandria.  VA 

NAVFACENGCOM  -  CHES  DIV.  Code  10/11  Washington  DC;  Code  101  Wash.  DC;  Code  403  Washington 
DC;  Code  405  Wash.  DC;  FPO-1  Washington.  DC;  Library.  Washington,  D.C. 

NAVFACENGCOM  -  LANT  DIV.  Code  04  Norfolk  VA;  Code  111.  Norfolk.  VA;  Code  403.  Norfolk.  VA; 

Code  405  Civil  Engr  BR  Norfolk  VA;  Eur.  BR  Deputy  Dir.  Naples  Italy;  Library.  Norfolk.  VA;  Code  1112. 
Norfolk,  VA 

NAVFACENGCOM  -  NORTH  DIV.  (Boretsky)  Philadelphia.  PA;  CO;  Code  (M  Philadelphia,  PA;  Code  04AL. 
Philadelphia  PA;  Code  OOP  Philadelphia  PA;  Code  ill  Philadelphia.  PA;  Code  114  (A,  Rhoads);  ROICC. 
Contracts,  Crane  IN 

NAVFACENGCOM  -  PAC  DIV.  (Kyi)  Code  101.  Pearl  Harbor.  HI;  CODE  OOP  PEARL  HARBOR  HI;  Code 
04  Pearl  Harbor  HI;  Code  II  Pearl  Harbor  HI;  Code  402.  RDT&E.  Pearl  Harbor  HI;  Commander.  Pearl 
Harbor.  HI;  Library.  Pearl  Harbor.  HI 

NAVFACENGCOM  -  SOUTH  DIV.  Code  04,  Charleston.  SC;  Code  II.  Charleston.  SC;  Code  403.  Gaddy, 
Charleston.  SC;  Code  1112,  Charleston,  SC;  Library.  Charleston.  SC 
NAVFACENGCOM  -  WEST  DIV,  AROICC.  Contracts,  Twentyninc  Palms  CA;  Code  04.  San  Bruno.  CA; 

Code  04B  San  Bruno,  CA;  Code  101.6  San  Bruno,  CA;  Code  1I4C.  San  Diego  CA;  Library.  San  Bruno. 

CA;  O9P/20  San  Bruno,  CA;  RDT&ELO  San  Bruno.  CA 
NAVFACENGCOM  CONTRACTS  AROICC,  NAVSTA  Brooklyn.  NY;  AROICC.  Ouanlico.  VA;  Contracts. 
AROICC.  Lemoore  CA;  Dir.  Eng.  Div.,  Exmouth.  Australia;  Eng  Div  dir.  Southwest  Pac,  Manila.  PI; 

OICC.  Southwest  Pac.  Manila.  PI;  OICC-ROICC,  NAS  Oceana.  Virginia  Beach.  VA;  OICC'ROICC, 

Balboa  Panama  Canal;  ROICC  AF  Guam;  ROICC  Code  495  Portsmouth  VA;  ROICC  Key  West  FL; 

ROICC.  Kcflavik.  Iceland;  ROICC.  NAS.  Corpus  Christi,  TX;  ROICC,  Pacific,  San  Bruno  CA;  ROICC, 

Point  Mugu.  CA;  ROICC,  Yap;  ROICC-OICC-SPA.  Norfolk.  VA 
NAVFORCARIB  Commander  (N42).  Puerto  Rico 
NAVHOSP  PWD  -  Engr  Div.  Beaufort.  SC 


NAVMAG  PWD  -  Engr  Div.  Guam;  SCE.  Subic  Bay.  R.P. 

NAVOCEANO  Library  Bay  Si.  Louis,  MS 

NAVOCEANSYSCEN  Code  447.1  Bayside  Library.  San  Diego.  CA;  Code  447.1B  (Tech  Lib)  San  Diego.  CA; 

Code  .IZ-I  (Hurley),  San  Diego.  CA;  Code  67(K),  San  Diego.  CA;  Cinie  811  San  Diego.  CA 
NAVORDMISTESTFAC  PWD  -  Engr  Dir.  White  Sands.  NM 
NAVORDSTA  PWO,  Louisville  KY 
NAVPETOFF  Code  30.  Alexandria  VA 
NAVPETRES  Director.  Washington  DC 
NAVPGSCOL  E.  Thornton.  Monterey  CA 
NAVPHiBASE  CO.  ACB  2  Norfolk,  VA 
NAVFACENGCOM  -  LANT  DIV,  Code  401D.  Norfolk.  VA 
NAVPHIBASE  SCE  Coronado,  SD.CA 
NAVRADRECFAC  PWO,  Kami  Seya  Japan 

NAVREGMEDCEN  Code  29,  Env.  Health  Serv,  (A1  Bryson)  San  Diego.  CA 
NAVHOSP  CO.  Millington,  TN 

NAVREGMEDCEN  PWD  -  Engr  Div,  Camp  Lejeune.  NC;  PWO.  Camp  Lejeune.  NC 
NAVREGMEDCEN  PWO,  Okinawa.  Japan 

NAVREGMEDCEN  SCE;  SCE  San  Diego,  CA;  SCE.  Camp  Pendleton  CA;  SCE,  Guam;  SCE.  Newport.  RI; 
SCE,  Oakland  CA 

NAVREGMEDCEN  SCE,  Yokosuka.  Japan 

NAVSCOLCECOFF  C35  Port  Hueneme,  CA;  CO.  Code  C44A  Port  Hueneme.  CA 
NAVSCSOL  PWO,  Athens  GA 

NAVSEASYSCOM  Code  0325.  Program  Mgr.  Washington.  DC;  Code  PMS  .395  A  3.  Washington,  DC;  SEA 
()4E  (L  Ke.ss)  Washington.  DC 

NAVSECGRUACT  PWO.  Adak  AK;  PWO,  Edzell  Scotland;  PWO.  Puerto  Rico;  PWO.  Torri  Sta.  Okinawa 
NAVSECSTA  PWD  -  Engr  Div,  Wash..  DC 

NAVSHIPYD  Bremerton.  WA  (Carr  Inlet  Acoustic  Range);  Code  202.4.  Long  Beach  CA;  Code  202.5 

(Library)  Puget  Sound.  Bremerton  WA;  Code  .380.  Portsmo-  th.  VA;  Code  382.3.  Pearl  Harbor.  HI;  Code 
4(KI,  Puget  Sound;  Code  410,  Mare  Is..  Vallejo  CA;  Code  440  Portsmouth  NH;  Code  440.  Norfolk;  Code 
440,  Puget  Sound.  Bremerton  WA;  Code  4.53  (Util.  Supr).  Vallejo  CA;  L.D.  Vivian;  Library.  Portsmouth 
NH;  PW  Dept,  Long  Beach.  CA;  PWD  (Code  420)  Dir  Portsmouth.  VA;  PWD  (Code  4.50-HD)  Portsmouth. 
VA;  PWD  (Code  453-HD)  SHPO  03,  Portsmouth.  VA;  PWO.  Bremerton.  WA;  PWO.  Mare  Is.;  PWO. 

Puget  Sound;  SCE.  Pearl  Harbor  HI;  Tech  Library.  Vallejo.  CA 
NAVSTA  Adak,  AK;  CO  Roosevelt  Roads  P.R.  Puerto  Rico;  CO.  Brooklyn  NY;  Code  4.  12  Marine  Corps 
Dist,  Treasure  Is..  San  Francisco  CA;  Dir  Engr  Div.  PWD.  Mayptirt  FL;  Dir  Mech  Engr  37WC93  Norfolk, 
VA;  Engr.  Dir..  Rota  Spain;  Long  Beach.  CA;  Maint.  Cont.  Div..  Guantanamo  Bay  Cuba;  PWD 
(LTJG.P.M.  Motolenich).  Puerto  Rico;  PWD  -  Engr  Dept.  Adak.  AK;  PWD  ■  Engr  Div.  Midway  Is.;  PWO, 
Keflavik  Iceland;  PWO.  Mayport  FL;  SCE.  Guam.  Marianas;  SCE.  Pearl  Harbor  HI;  SCE.  San  Diego  CA; 
Utilities  Engr  Off.  Rota  Spain 
NAVSUPPACT  CO.  Naples,  Italy;  PWO  Naples  Italy 
NAVSUPPFAC  PWD  -  Maint.  Control  Div.  Thurmont,  MD 
NAVSUPPO  PWO.  La  Maddalena.  Italy 
NAVSURFWPNCEN  PWO.  White  Oak.  Silver  Spring.  MD 
NAVTECHTRACEN  SCE,  Pensacola  FL 
NAVTELCOMMCOM  Code  53.  Washington,  DC 

NAVWPNCEN  Code  24  (Dir  Safe  &  Sec)  China  Lake,  CA;  Code  26,3(>  China  Lake;  Cmdr,  China  Lake.  CA; 
Code  26605  China  Lake  CA;  Code  623  China  Lake  CA;  PWO  (Code  266)  China  Lake.  CA;  ROICC  (Code 
702).  China  Lake  CA 

NAVWPNEVALFAC  Technical  Library.  Albuquerque  NM 

NAVWPNSTA  (Clebak)  Colts  Neck,  NJ;  Code  092.  Colts  Neck  NJ;  Code  0*)2.  Concord  CA;  Code  092A,  Seal 
Bcaeh.  CA;  Maint.  Control  Dir..  Yorktown  VA 
NAVWPNSTA  PW  Office  Yorktown,  VA 

NAVWPNSTA  PWD  -  Maint  Control  Div.  Charleston.  SC;  PWD  -  Maint.  Control  Div  .  Concord.  CA;  PWD  - 
Supr  Gen  Engr.  Seal  Beach.  CA;  PWO,  Charleston.  SC;  PWO.  Seal  Beach  CA 
NAVWPNSUPPCEN  Code  09  Crane  IN 
NCTC  Const.  Elec.  School.  Port  Hueneme,  CA 

NCBC  Code  10  Davisville.  RI;  Code  15.  Port  Hueneme  CA;  Code  1.55,  Port  Hueneme  CA;  Code  1.56,  Port 
Hueneme.  CA;  Code  4.30  (PW  Engrng)  Gulfport.  MS;  Code  470.2,  Gulfport.  MS;  NEESA  Code  252  (P 
Winters)  Port  Hueneme.  CA;  PWO  (Code  80)  Port  Hueneme.  CA;  PWO,  Davisville  RI;  PWO,  Gulfport. 

MS 

NCR  20.  Code  R70;  20,  Commander 

NMCB  FIVE.  Operations  Dept;  THREE.  Operations  Off. 

NOAA  (Mr.  Joseph  Vadus)  Rockville,  MD;  Library  Rttckvillc.  MD 
NORDA  Code  410  Bay  St.  Louis.  MS 
NRL  Code  58(K)  Washington.  DC 

NSC  CO,  Birmedical  Rsch  Lab.  Oakland  CA;  Code  .54.1  Norfolk.  VA 
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NSD  SCE.  Subic  Bay.  R.P. 

NSWSES  Code  0150  Port  Huenemc.  CA 
NTC  OICC.  CBU-401,  Great  Lakes  IL 

NUCLEAR  REGULATORY  COMMISSION  T.C.  Johnson,  Washington.  DC 

NUSC  DET  Code  4111  (R  B  MaeDonald)  New  London  CT;  Code  52t)2  (S.  Sehady)  New  London,  CT;  Code 
EA12.5  (R.S.  Munn).  New  London  CT:  Code  SB  .1,51  (Brown).  Newport  R1 
OFFICE  SECRETARY  OF  DEFENSE  OASD  (MRA&L)  Dir.  of  Eneroy.  Pentagon.  Washington,  DC 
ONR  Code  221,  Arlington  VA;  Code  7(X)F  Arlington  VA 
PACMISRANFAC  HI  Area  Bkg  Sands,  PWO  Kekaha,  Kauai.  HI 
PERRY  OCEAN  ENG  R.  Pellen,  Riviera  Beach,  FL 
PHIBCB  I  P&E,  San  Diego,  CA 
PMTC  Code  3.131  (S.  Opalowsky)  Point  Mugu,  CA 

PWC  ACE  Office  Norfolk.  VA;  CO  Norfolk.  VA;  CO.  (Code  It)).  Oakland.  CA;  Code  1(K)E  Great  Lake,  IL; 
CO.  Pearl  Harbor  HI;  Code  10.  Great  Lakes.  IL;  Code  105  Oakland.  CA;  Code  lit).  Great  Lakes.  IL;  Code 
110.  Oakland.  CA;  Code  121.1,  Oakland.  CA;  Code  128.  Guam;  Code  154  (Library).  Great  Lakes.  IL:  Code 
200.  Great  Lakes  IL;  Code  ,10V,  Norfolk.  VA;  Code  400.  Great  Lakes.  IL;  Code  4(X).  Pearl  Harbor.  HI; 
Code  4(X).  San  Diego.  CA;  Code  420,  Great  Lakes,  IL;  Code  420.  Oakland.  CA;  Code  424.  Norfolk.  VA: 
Code  500  Norfolk,  VA;  Code  .505A  Oakland,  CA;  Code  600.  Great  Lakes.  IL;  Code  610.  San  Diego  Ca; 
Code  71X).  Great  Lakes,  IL;  Code  7(Kt,  San  Diego.  CA;  Library.  Code  I2()C.  San  Diego.  CA;  Library.  Guam; 
Library,  Norfolk,  VA;  Library,  Pearl  Harbor.  HI:  Library.  Pensacola,  FL;  Library.  Subic  Bay,  R.P.; 

Library,  Yokosuka  JA;  Util  Dept  (R  Pascua)  Pearl  Harbor.  HI;  Utilities  Officer.  Guam 
SPCC  PWO  (Code  120)  Mechanicsburg  PA 
SUPANX  PWO,  Williamsburg  VA 

TVA  Smelser.  Knoxville.  Tenn.;  Solar  Group.  Arnold.  Knoxville.  TN 
U  S.  MERCHANT  MARINE  ACADEMY  Kings  Point,  NY  (Reprint  Custodian) 

US  DEPT  OF  COMMERCE  NOAA,  Pacific  Marine  Center.  Seattle  WA 
US  GEOLOGICAL  SURVEY  Off  Marine  Geology,  Piteleki,  Reston  VA 
US  NATIONAL  MARINE  FISHERIES  SERVICE  Highlands  NY  (Sandy  Hook  Lab-Library) 

USAF  REGIONAL  HOSPITAL  Fairchild  AFB.  WA 

USCG  G-DMT-3/.54  (D  Scribner)  Washington  DC;  G-MMT-4/82  (J  Spencer) 

USCG  R&D  CENTER  D.  Motherway,  Groton  CT 

USDA  Forest  Products  Lab.  Madison  Wl:  Forest  Service  Reg  3  (R.  Brown)  Albuquerque,  NM;  Forest  Service. 
Bowers.  Atlanta.  GA:  Forest  Service,  San  Dimas.  CA 

USNA  Ch.  Mech.  Engr.  Dept  Annapolis  MD:  ENGRNG  Div.  PWD.  Annapolis  MD:  Energy-Environ  Study 
Grp,  Annaptilis,  MD;  Mech.  Engr.  Dept.  (C.  Wu),  Annapolis  MD;  PWO  Annapolis  MD 
USS  FULTON  WPNS  Rep.  Offr  (W-.1)  New  York,  NY 
USS  JASON  Repair  Officer,  San  Francisco,  CA 

ARIZONA  KriKlinger  Tempe,  AZ;  State  Energy  Programs  Off..  Phoenix  AZ 
AUBURN  UNIV.  Bldg  Sci  Dept.  Lechner.  Auburn.  AL 
BAITELLE  PNW  Labs  (R  Barchel)  Richland  WA 
BERKELEY  PW  Engr  Div,  Harrison.  Berkeley.  CA 

BONNEVILLE  POWER  ADMIN  Portland  OR  (Energy  Consrv.  Off..  D.  Davey) 

BROOKHAVEN  NATL  LAB  M.  Steinberg.  Upton  NY 

CALIF.  DEPT  OF  NAVIGATION  &  OCEAN  DEV.  Sacramento.  CA  (G.  Armstrong) 

CALIFORNIA  STATE  UNIVERSITY  LONG  BEACH.  CA  (CHELAPATI) 

COLORADO  STATE  UNIV..  FOOTHILL  CAMPUS  Fort  Collins  (Nelson) 

CONNECTICUT  Office  of  Policy  &  Mgt,  Energy.  Div,  Hartford.  CT 
CORNELL  UNIVERSITY  Ithaca  NY  (Serials  Dept.  Engr  Lib.) 

DAMES  &  MOORE  LIBRARY  LOS  ANGELES.  CA 

DRURY  COLLEGE  Physics  Dept,  Springfield.  MO 

FLORIDA  ATLANTIC  UNIVERSITY  Boca  Raton,  FL  (McAllister) 

FOREST  INST.  FOR  OCEAN  &  MOUNTAIN  Carson  City  NV  (Studies  -  Library) 

GEORGIA  INSTITUTE  OF  TECHNOLOGY  (LT  R.  Johnson)  Atlanta.  GA;  Col.  Arch,  Benton.  Atlanta,  GA 

HARVARD  UNIV.  Dept,  of  Architecture.  Dr.  Kim.  Cambridge.  MA 

HAWAII  STATE  DEPT  OF  PLAN.  &  ECON  DEV.  Honolulu  HI  (Tech  Info  Ctr) 

ILLINOIS  STATE  GEO.  SURVEY  Urbana  IL 

IOWA  STATE  UNIVERSITY  Dept.  Arch.  McKrown,  Ames.  lA 

WOODS  HOLE  CKEANOGRAPHIC  INST.  Wrxids  Hole  MA  (Winget) 

KEENE  STATE  COLLEGE  Keene  NH  (Cunningham) 

LEHIGH  UNIVERSITY  BETHLEHEM.  PA  (MARINE  GEOTECHNICAL  LAB,.  RICHARDS);  Bethlehem 
PA  (Fritz  Engr,  Lab  No.  1.1.  Beedle):  Bethlehem  PA  (Linderman  Lib.  No.,K).  Recksteiner) 

LOUISIANA  DIV  NATURAL  RESOURCES  &  ENERGY  Div  Of  R&D.  Baton  Rouge.  LA 
MAINE  OFFICE  OF  ENERGY  RESOURCES  Augusta.  ME 
MISSOURI  ENERGY  AGENCY  Jefferson  City  MO 

MIT  Cambridge  MA;  Cambridge  MA  (Rm  l()-5(XI.  Tech.  Reports,  Engr,  Lib,);  Cambridge,  MA  (Harleman) 
MONTANA  ENERGY  OFFICE  Anderson.  Helena.  MT 


NATURAL  ENERGY  LAB  Library,  Honolulu,  HI 

NEW  HAMPSHIRE  Concord  NH  (Governor's  Council  on  Energy) 

NEW  MEXICO  SOLAR  ENERGY  INST.  Dr.  Zwibel  Las  Cruces  NM 
NY  CITY  COMMUNI'TY  COLLEGE  BROOKLYN,  NY  (LIBRARY) 

NYS  ENERGY  OFFICE  Library.  Albany  NY 

PENNSYLVANIA  STATE  UNIVERSITY  STATE  COLLEGE.  PA  (SNYDER) 

PURDUE  UNIVERSITY  Lafayette.  IN  (CE  Engr.  Lib) 

SCRIPTS  INSTITUTE  OF  OCEANOGRAPHY  LA  JOLLA.  CA  (ADAMS) 

SEATTLE  U  Prof  Schwaegler  Seattle  WA 
SOUTHWEST  RSCH  INST  King.  San  Antonio.  TX 
SRI  INTL  Phillips,  Chem  Engr  Lab,  Menlo  Park.  CA 

STATE  UNIV.  OF  NEW  YORK  Buffalo.  NY;  Fort  Schuyler.  NY  (Longobardi) 

STATE  UNIV.  OF  NY  AT  BUFFALO  School  of  Medicine.  Bullalo.  NY 
TEXAS  A&M  UNIVERSITY  W.B.  Udbetter  College  Station.  TX 
UNIVERSITY  OF  ALASKA  Doc  Collections  Fairbanks,  AK 

UNIVERSITY  OF  CALIFORNIA  BERKELEY,  CA  (CE  DEPT.  MITCHELL);  Berkeley  CA  (Dept  of  Naval 
Arch.);  Berkeley  CA  (E.  Pearson);  CE  Dept,  (Tchobanoglous)  Davis,  CA;  Energy  Engineer.  Davis  CA; 
LIVERMORE.  CA  (LAWRENCE  LIVERMORE  LAB,  TOKARZ);  La  Jolla  CA  (Acq,  Dept.  Lib.  C-075A); 
UCSF.  Physical  Plant,  San  Francisco.  CA 

UNIVERSITY  OF  DELAWARE  Newark.  DE  (Dept  of  Civil  Engineering.  Chesson) 

UNIVERSITY  OF  FLORIDA  Dept  Arch.,  Morgan.  Gainesville.  FL 

UNIVERSITY  OF  HAWAII  (Colin  Ramage)  Dept  of  Meteorology  Honolulu  HI;  HONOLULU.  HI  (SCIENCE 
AND  TECH.  DIV  );  Natl  Energy  Inst  (DR  Neill)  Honolulu  HI 
UNIVERSITY  OF  ILLINOIS  (Hall)  Urbana.  IL;  Metz  Ref  Rm.  Urbana  IL;  URBANA.  IL  (LIBRARY) 
UNIVERSITY  OF  MASSACHUSETTS  (Heronemus),  ME  Dept.  Amherst.  MA 
UNIVERSITY  OF  NEBRASKA-LINCOLN  Lincoln,  NE  (Ross  Ice  Shelf  Proj.) 

UNIVERSITY  OF  NEW  HAMPSHIRE  Elec.  Engr.  Depot,  Dr.  Murdoch.  Durham.  N.H. 

UNIVERSITY  OF  TEXAS  Inst.  Marine  Sci  (Library),  Port  Arkansas  TX 
UNIVERSITY  OF  TEXAS  AT  AUSTIN  AUSTIN,  TX  (THOMPSON) 

UNIVERSITY  OF  WASHINGTON  (FH-10,  D.  Carlson)  Seattle.  WA.  Seattle  WA  (E.  Linger) 

UNIVERSITY  OF  WISCONSIN  Milwaukee  W1  (Ctr  of  Great  Lakes  Studies) 

VENTURA  COUNTY  PWA  (Brownie)  Ventura.  CA 

VIRGINIA  INST.  OF  MARINE  SCI.  Gloucester  Point  VA  (Library) 

ARVID  GRANT  OLYMPIA,  WA 

ATLANTIC  RICHFIELD  CO.  DALLAS.  TX  (SMITH) 

BECHTEL  CORP.  SAN  FRANCISCO,  CA  (PHELPS) 

BRITISH  EMBASSY  M  A  Wilkins  (Sci  &  Tech  Dept)  Washington.  DC 
BROWN  &  ROOT  Houston  TX  (D.  Ward) 

CHEMED  CORP  Lake  Zurich  IL  (Dearborn  Chem.  Div.Lib.) 

CHEVRON  OIL  FIELD  RESEARCH  CO.  LA  HABRA,  CA  (BROOKS) 

COLUMBIA  GULF  TRANSMISSION  CO.  HOUSTON.  TX  (ENG.  LIB.) 

DESIGN  SERVICES  Beck.  Ventura,  CA 

DILLINGHAM  PRECAST  F.  McHale,  Honolulu  HI 

DIXIE  DIVING  CENTER  Decatur,  GA 

DURLACH,  O'NEAL,  JENKINS  &  ASSOC,  Columbia  SC 

EXXON  PRODUCTION  RESEARCH  CO  Houston.  TX  (Chao) 

FURGO  INC.  Library,  Houston.  'TX 

GEO'TECHNICAL  ENGINEERS  INC.  Winchester,  MA  (Paulding) 

GRUMMAN  AEROSPACE  CORP.  Bethpage  NY  (Tech.  Info.  Ctr) 

HALEY  &  ALDRICH,  INC.  Cambridge  MA  (Aldrich.  Jr.) 

KLEIN  ASSOCIATES  Vincent,  Salem  NH 

LI'THONIA  LIGHTING  Application  eng.  Dept.  (B.  Helton).  Conyers,  GA  30207 
LOCKHEED  MISSILES  &  SPACE  CO.  INC.  L.  Trimble,  Sunnyvale  CA 
MATRECON  Oakland.  CA  (Haxo) 

MCDONNELL  AIRCRAFT  CO.  (GofO  Sr  Engr.  Engrng  Dept.  St.  Louis.  MO 
MIDLAND-ROSS  CORP.  TOLEDO.  OH  (RINKER) 

MOFFA'TT  &  NICHOL  ENGINEERS  (R.  Palmer)  Long  Beach.  CA 

NEWPORT  NEWS  SHIPBLDG  &  DRYDOCK  CO.  Newport  News  VA  (Tech.  Lib.) 

PACIFIC  MARINE  'TECHNOLOGY  (M.  Wagner)  Duvall.  WA 
PG&E  Library,  San  Francisco.  CA 

PORTLAND  CEMENT  ASSOC.  SKOKIE.  IL  (CORLEY;  SKOKIE.  IL  (KLIEGER);  Skokie  IL  (Rsch  &  Dev 
Lab.  Lib.) 

RAYMOND  IN'TERNA'nONAL  INC.  E  Colle  Soil  Tech  Dept.  Pennsauken,  NJ;  J.  Welsh  Soiltech  Dept, 
Pennsauken.  NJ 

ROCKWELL  INTL  Energy  Sys  Group  (R.A.  Williams)  Golden  CO 

SANDIA  LABORATORIES  Albuquerque.  NM  (Vortman);  Library  Div..  Livermore  CA 
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SCHUPACK  ASSOC  SO.  NORWALK,  CT  (SCHUPACK) 

SEAFOOD  LABORATORY  MOREHEAD  CITY.  NC  (LIBRARY) 

SEATECH  CORP.  MIAMI.  FL  (PERONI) 

SHANNON  &  WILLSON  INC.  Librarian  Seattle,  WA 
SHELL  DEVELOPMENT  CO.  Houston  TX  (C.  Sellars  Jr.) 

TEXTRON  INC  BUFFALO,  NY  (RESEARCH  CENTER  LIB.) 

THE  AM.  WATERWAYS  OPERATIONS,  INC.  Arlington.  VA  (Schuster) 

TRW  SYSTEMS  REDONDO  BEACH,  CA  (DAI) 

UNITED  TECHNOLOGIES  Windsor  Locks  CT  (Hamilton  Std  Div..  Library) 

WARD,  WOLSTENHOLD  ARCHITECTS  Sacramento.  CA 

WESTINGHOUSE  ELECTRIC  CORP.  Annapolis  MD  (Oceanic  Div  Lib.  Bryan);  Library,  Pittsburgh  PA 
WM  CLAPP  LABS  -  BATTELLE  DUXBURY.  MA  (LIBRARY) 

WOODWARD-CLYDE  CONSULTANTS  PLYMOUTH  MEETING  PA  (CROSS.  Ill) 

BRAHTZ  La  Jolla,  CA 

BULLOCK  La  Canada 

FISHER  San  Diego,  Ca 

KETRON,  BOB  Ft  Worth,  TX 

CAPT  MURPHY  Sunnyvale.  CA 

BROWN  &  CALDWELL  Saunders.  E.M./Oakland,  CA 

T.W.  MERMEL  Washington  DC 

WALTZ  Livermore,  CA 


INSTRUCTIONS 


The  Naval  Qvil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of 
the  mailing  label  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to  the  list  of 
Subject  Gitegories.  Numbers  on  the  label  correspondii^  to  those  on  the  list  indicate  the  subject  category  and 
type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card  away  (or  file  it  for  later 
reference). 

If  you  want  to  change  what  you  are  presently  receiving: 

•  Delete  -  mark  off  number  on  bottom  of  label. 

•  Add  -  circle  number  on  list. 

•  Remove  my  name  from  all  your  lists  —  check  bo.v  on  list. 

•  Change  my  address  -  line  out  incorrect  line  and  write  in  correction  (ATTACH  MAILING  LABEL). 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories  you  select. 

Fold  on  line  below  and  drop  in  the  mail. 

Not*:  Numban  on  labal  but  not  littad  on  quattionnaira  ata  for  NCEL  uM  only,  plaaa*  ignor*  thorn. 


Fold  on  ltr»a  and  staple. 


DEPARTMENT  OP  THE  NAVY 


NAVAL  CIVIL  ENGINEERING  LASORATORV 
PORT  HUENEME.  CALIFORNIA  93043 


OPFICIAL  BUSINESS 

MNALTY  POM  MMIVATl  UOM.  OaOO 
I  iMD-Nen..a7oo/4  tRiv.  ia.7s> 
00ae>LL,L7O>O044 


POMTAM  AND  ran  paid 

DDPARTMaNT  07  TNI  HAW 
DOD-DID 


Commanding  Officer 
Code  L14 

Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  California  93043 


DISTRIBUTION  QUESTIONNAIRE 

Th#  Naval  Civil  Enginaaring  Laboratory  it  ravitittg  its  primary  distribution  lists. 


SUBJECT  CATEGORIES 

1  (HOUFAaUTIBS 

2  Comtruction  mttttodt  and  matariaU  (including  corrotion 

control,  coatinoil 

3  Maiarfroni  stmcturtt  (mainttnanca/datarioratiori  control) 

4  Uiilitits  OncludNif  po«iiar  conditioning) 

6  Eaploat¥M  taftty 

•  Conatruction  oQuipmant  and  machinary 

7  Firapraaantionandcontrol 

8  Antanna  tachnology 

9  Structural  analysis  and  design  (including  numancal  and 

computer  tacfiniquas) 

10  Protective  construction  (including  hardened  shelters. 

shock  and  vibration  studies) 

1 1  Soil/rock  mechanics 

13  BEQ 

14  Airfields  and  pavements 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

B***  facilities  (iiKludiitg  shelters,  pourer  generation,  water  supplies) 

17  Expedient  roeds/airfields/bridges 

18  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  OveT'the'Beach  operations  (including  containeriiation. 

meterief  transfer,  lighterage  and  cranes) 

70  POL  storage,  transfer  and  distribution 
24  POLAR  ENGINEERING 
34  Same  as  A^anced  Base  and  Amphibious  Facilities, 
except  limited  to  cold-region  envirortments 


TYPES  OF  DOCUMENTS 

8S  Tcchdata  Sheets  86  Technical  Reports  and  Technical  Noirk 

81  Table  of  Consents  A  Index  to  TDS 


28  ENERCY/POWER  GENERATION 

29  Thermal  conservation  (thermal  engirteering  of  buildings.  HVAC 

systems,  energy  loss  measurement,  power  generation) 

30  Controls  and  electricei  conservation  (electricel  systems. 

ertergy  monitorirtgertd  control  systems) 

31  Fuel  flexibility  (liquid  fuels,  coal  utiliietion.  ertergy 

from  solid  waste) 

32  Alternate  energy  source  (geothermal  power,  photovolteic 

power  systems,  solar  systems.  wiikS  systems,  energy  storage 
systems) 

33  Site  date  emf  systems  integration  (energy  resource  date,  ertergy 

consumption  date,  integrating  energy  systems) 

J4  environmental  PROTECTION 

35  Solid  waste  menegament 

36  Heierdous/toxic  meterieis  management 

37  Plesteweter  menegement  and  sanitary  ertgirteering 

38  Oil  pollution  removal  and  racovery 

39  Air  pollution 

40  Noiee  ebatament 

44  OCEAN  ENGINEERING 

45  Saefloor  soils  and  foundations 

46  Seaffoor  construction  systems  end  operations  (including 

diver  and  manipulator  toola) 

47  Undtfsea  structures  and  matarials 

48  Anchors  and  moorirtgs 

49  Undtrsea  power  systems,  eiectromechenicel  cables. 

and  connectors 

50  Pressure  vessel  facilities 

^1  Physical  environment  (including  site  surveying) 

52  Oceen-besed  concrete  structures 

53  Hyperbaric  chambers 

54  Undarsee  cebla  dynamics 


82  NCEL  Guide  A  Updates  p  None- 

91  Physical  Security  remove  my  ni 


